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S. 883, THE AMERICAN MINERAL SECURITY 
ACT OF 2015 


TUESDAY, MAY 12, 2015 

U.S. Senate, 

Committee on Energy and Natural Resources, 

Washington, DC. 

The Committee met, pursuant to notice, at 10:05 a.m. in room 
SD-366, Dirksen Senate Office Building, Hon. Lisa Murkowski, 
Chairman of the Committee, presiding. 

OPENING STATEMENT OF HON. LISA MURKOWSKI, U.S. 

SENATOR FROM ALASKA 

The Chairman. Good morning. We will call to order the Energy 
Committee hearing. We are here to hear testimony on S. 883, the 
American Mineral Security Act of 2015. It is nice to be able to wel- 
come everyone to the Committee here this morning. 

This is an important topic, the mineral security of our nation 
which directly affects everything from our economic competitive- 
ness to our national security. This is the third Congress now that 
I have introduced legislation on this subject. I think this is the best 
version yet, but I also believe that passage of this legislation is 
probably more important now than ever. 

I said it before and I will say it again, I think we have a real 
problem on our hands as a result of our nation’s borderline insid- 
ious reliance on mineral imports. And it is not just the rare earth 
elements. 

60 Minutes had a feature on this some weeks ago. The reality is 
the United States now depends on many other nations for a vast 
array of minerals, metals, and materials, and we have got the num- 
bers to back it up. 

In 1978 the USGS reported that the United States was importing 
at least 50 percent of our supply of 25 minerals and 100 percent 
of seven of them. According to the latest figures, that dependence 
is now far deeper. In 2014 we imported at least 50 percent of 43 
different minerals, including 100 percent of 19 of them. 

Electric vehicles, solar cells, advanced defense systems, you can 
almost name the technology, almost anything you can find in mod- 
ern society, and then you can go look up who we import at least 
some of the raw materials from. 

Our foreign dependence is difficult enough, but the concentration 
of that supply presents additional challenges. Our minerals often 
come from a handful of countries that are less than stable or who 
might be willing to cut off our supply just to serve their own pur- 
poses or meet their own needs. 


( 1 ) 
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Rare earth elements are, again, probably the best example of 
this. It is true that our production has picked up thanks to 
Molycorp out in California, but China still produced 86 percent of 
the world’s supply in 2014 and close to 60 percent of our supply 
was imported. 

When I look at our foreign mineral dependence and where those 
minerals are coming from, I see reason after reason to be seriously 
concerned. It is not hard to foresee a day of reckoning when this 
will become real for all of us — when we simply cannot acquire a 
mineral or when the market for a mineral changes so dramatically 
that entire industries are affected. 

I am glad the Office of Science and Technology Policy is taking 
up our idea for critical minerals designations. It is good to see more 
attention being paid at high levels of Government, but executive 
agencies are not as coordinated as they need to be and they do not 
have all of the statutory authorities needed to make lasting 
progress on this issue. 

So once again I have offered a broad bill to rebuild our mineral 
supply chain. I do not think that there is any substitute for legisla- 
tion. 

When it comes to permitting delays for new mines, our nation is 
still among the worst in the world. We are stumbling out of the 
gate, right at the very start of the supply chain. We really never 
catch up, and it is our own fault. 

When we decide that a mineral is critical, we should survey our 
lands to determine the extent of our resource base so we know 
what we can produce right here at home. We should keep working 
on alternatives, efficiency, and recycling options for the minerals 
that our nation does not have in significant abundance. I think 
that is a very important part of our discussion here this morning — 
once we know or we think we know what we have, again, looking 
to what alternatives might be reasonable and recycling options are 
important. 

We should build out a forecasting capability to provide a better 
understanding of mineral-related trends and an early warning 
when problems arise. 

We also need to ensure a qualified work force. The United States, 
we know, is down to just a handful of mining schools. A large share 
of their faculty will be retiring in the near future. We need smart, 
young people who want to go out into these fields. 

This Congress offers a perfect opportunity to bring our mineral’s 
policies into the 21st century. My bill offers us that chance. 

I would like to thank Senator Heller and Senator Risch for co- 
sponsoring it and Secretary Moniz and his team at the Department 
of Energy for providing technical assistance to us as we drafted it. 

I also want to thank our panel of witnesses here today. Thank 
you. Commissioner Fogels, for joining us all the way from Alaska. 
It is a long haul for you. I look forward to the testimony from each 
of you and with that I will turn to my Ranking Member, Senator 
Cantwell. 
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STATEMENT OF HON. MARIA CANTWELL, U.S. SENATOR FROM 

WASHINGTON 

Senator Cantwell. Thank you, Chairwoman Murkowski for call- 
ing this important hearing on critical minerals. I know you have 
heen dedicated for many years to this subject in seeking to reform 
Federal policy on critical minerals, and this hearing is particularly 
timely as we work on bipartisan energy legislation in the Com- 
mittee. 

The topic today reminds us how integrated the energy sector is 
with the larger economy. The U.S. energy renaissance, especially in 
the growth of clean electricity generation simply could not happen 
without critical minerals. From grid storage batteries to wind tur- 
bines, to catalytic converters to LED lights: critical minerals in- 
cluding rare earth metals make up the big chunk of clean energy. 

According to the International Renewable Energy Agency there 
are about 625,000 clean energy jobs in the United States. The inde- 
pendent business group. Environmental Entrepreneurs, has found 
that clean energy projects have led to over 230,000 job announce- 
ments in the last three years. Every one of those jobs in our new 
economy has some ties to the mineral supply chain. 

The problem of rare earth metals being hoarded by China re- 
mains a pressing problem for our clean energy economy and our 
national security. It was only a few years ago that China cut its 
rare earth export quota by 72 percent. When 97 percent of the rare 
earth metals are produced in China, this amounts to a potentially 
serious challenge. 

Since 2009 the United States has been forced to file trade com- 
plaints over China’s trade restrictions of minerals including baux- 
ite, magnesium, zinc, tungsten and well, something I cannot pro- 
nounce. 

Mr. Conger. Mendelevium. 

Senator Cantwell. Thank you. Would you say that again? 

Mr. Conger. Mendelevium. 

Senator Cantwell. Yes, mendelevium. 

The Chairman. Mendelevium. 

Senator Cantwell. Mendelevium. [Laughter.] 

Mendelevium. Thank you. 

Only at the very last moment, after stretching out the dispute for 
years, did China comply with trade obligations under the World 
Trade Organization. 

In 2010, the European Commission went through an exercise 
similar to the one outlined in the Chairman’s bill which proposes 
that U.S. Geological Survey establish a “criticality” threshold for 
various minerals. This is an important step, but I think it is also 
key to recognize the dynamic nature of these supply chains. As new 
technologies in manufacturing processes alter these dynamics, the 
concept of “criticality” similarly shifts and the market will quite 
often generate its own solutions. So getting this combination right 
between the public and the private sector initiatives is very impor- 
tant. 

In addition to pressing for stronger trade enforcement action to 
protect our supply chain, we could also do more to innovate here 
at home. If we can accelerate the development cycle for new mate- 
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rials, industry will be better able to navigate around the emerging 
criticalities whether real or perceived. 

This is part of the important work being done by the Department 
of Energy Critical Materials HUB. Headquartered at the Ames 
Laboratory in Iowa, the HUB brings together a number of pre- 
eminent institutions in the United States, including Idaho and Oak 
Ridge National Labs and the Colorado School of Mines. 

Recycling is another important component of the strategy, and I 
think we are going to hear from you. Dr. Silberglitt. Your testi- 
mony explains an example of tungsten well. I was struck by the 
fact that between 2010 and 2011, U.S. manufacturers reduced im- 
ports of this product by one third through recycling efforts. I will 
look forward to learning more about similar opportunities. 

I am pleased that the introduced version of the Chairwoman’s 
bill maintains language about alternatives to critical minerals and 
workforce needs, as she just mentioned, because this is also very 
important. 

The core function in the bill before us today, establishes and 
maintains a critical minerals list, which Dr. Kimball’s agency, the 
uses, would be responsible for. I look forward to hearing what 
uses is able to do on the critical minerals with existing authority. 

Finally, while I have noted many worthy objectives in the Amer- 
ican Mineral Security Act, I continue to believe that we need to do 
a better job overall of addressing our hard rock mining in the 
United States. According to the Forest Service, there are nearly 
2,000 abandoned mines in my state of Washington, alone, and I be- 
lieve we should create a 21st century hard rock mining program. 

We should tighten reclamation standards and establish royalty 
payments like other areas of our natural resources. I also want to 
make sure that we are moving this whole area of critical resources 
forward in a strategic way. 

Again, thank you for holding this important hearing. Chairman 
Murkowski. I look forward to hearing our witnesses today and ask- 
ing them questions. 

Thank you. 

The Chairman. Thank you. Senator Cantwell. 

Let’s go to our witnesses here this morning. 

We will start by welcoming Dr. Suzette Kimball. Dr. Kimball is 
the Acting Director at the U.S. Geological Survey. Welcome to you 
this morning. 

She will be followed by the Deputy Commissioner Ed Fogels from 
the Office of the Commissioner of the Alaska Department of Nat- 
ural Resources. Again, thank you for making the trek. 

Next we have Vice Admiral Kevin Cosgriff, President and CEO 
of the National Electrical Manufacturers Association. 

Mr. Harry Conger, Red Conger, President of Freeport-McMoRan 
Americas on behalf of the National Mining Association. 

Wrapping up the panel will be Dr. Richard Silberglitt, who is the 
Senior Physical Scientist at the RAND Corporation. 

Again, to each of you, welcome to the Committee this morning. 

Dr. Kimball, we will begin with you for five minutes of com- 
ments. Your full written statement will be included as part of the 
record. We will just go down the line, and then we will ask our se- 
ries of questions. 
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Dr. Kimball, welcome and we appreciate your leadership at 
USGS. 

STATEMENT OF DR. SUZETTE KIMBALL, ACTING DIRECTOR, 

U.S. GEOLOGICAL SURVEY, U.S. DEPARTMENT OF THE INTE- 
RIOR 

Dr. Kimball. Good morning Chairman Murkowski, Ranking 
Member Cantwell and members of the Committee. Thank you for 
the opportunity to discuss the American Minerals Security Act of 
2015. 

This bill directs the Secretaries of the Interior and Energy to per- 
form a number of activities intended to support and enhance the 
nation’s critical mineral supply chain beginning with developing a 
methodology to determine which minerals are critical to the na- 
tion’s economy. 

The Department of the Interior supports the goal of facilitating 
the development of critical minerals in an environmentally respon- 
sible manner. The activities directed by the bill would require re- 
sources and also would need to compete for funding with other pri- 
orities. 

The U.S. Geological Survey, USGS, is responsible for conducting 
research and collecting data on a wide variety of mineral resources. 
Studies include how and where deposits are formed, the inter- 
actions of minerals within the environment and information to doc- 
ument current production and consumption of about 100 mineral 
commodities within the United States and around the world. This 
full spectrum of mineral resource science allows for a comprehen- 
sive understanding of the complete life cycle of mineral resources 
and materials. That is resource formation, discovery, production, 
consumption, use, recycling and reuse and allows for an under- 
standing of environmental issues of concern throughout the life 
cycle. 

The Bureau of Land Management, BLM, administers over 245 
million surface acres of public land primarily located in the 12 
Western states including Alaska as well as 700 million acres of 
subsurface mineral estate throughout the nation. 

The BLM manages mineral development under a number of dif- 
ferent authorities. Each of these authorities along with BLM regu- 
lations and guidance provides a legal framework for the develop- 
ment of minerals including critical minerals on federal and Indian 
lands. The global demand for critical mineral commodities is on the 
rise with increasing applications in consumer products, computers, 
automobiles, aircraft and other advanced technologies. 

To better understand potential sources of critical mineral com- 
modities the USGS has completed studies of known domestic and 
global rare earth reserves, resources and uses which summarized 
basic geologic facts and materials flow issue related to rare earth 
element resources, one type of critical mineral. 

Other USGS studies analyze world trade and supply chains for 
other critical minerals including lithium, platinum group metals 
and tantalum. 

In 2014 the United States was 100 percent dependent on foreign 
suppliers for 19 mineral commodities and more than 50 percent de- 
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pendent on foreign sources for an additional 24 mineral commod- 
ities. 

In 2008 a National Research Council Committee, funded largely 
by the USGS, developed a criticality matrix that combines supply 
risk with importance of use as a first step toward determining 
which mineral commodities are essential to the nation’s economic 
and national security. This has been updated by subsequent stud- 
ies and ongoing work by the critical and strategic minerals supply 
chain interagency subcommittee of the National Science and Tech- 
nology Council which is co-chaired by the USGS on behalf of the 
Department of Interior. 

S. 883 directs the Secretary of the Interior through the Director 
of the USGS to perform a number of actions that build on current 
USGS activities and capabilities including the recent rare earth’s 
inventory. It also directs the BLM to improve the quality and time- 
liness of decisions regarding environmentally responsible develop- 
ment of critical material — minerals on Federal lands. 

I appreciate the interest this Committee has shown on this im- 
portant issue, and we look forward to working with you as this bill 
moves forward. 

The Department maintains a workforce of geoscientists with ex- 
pertise in critical minerals and materials. The Department continu- 
ously collects, analyzes and disseminates data and information on 
domestic and global rare earth and other critical mineral reserves 
and resources on their production, consumption and use. The De- 
partment, through the USGS, stands ready to fulfill its role as the 
Federal provider of unbiased research on known mineral resources, 
the assessment of undiscovered mineral resources and information 
on domestic and global production and consumption of mineral re- 
sources for use in global critical mineral supply chain analysis. 

The BLM is committed to implementing efficiencies for the envi- 
ronmentally responsible development of critical minerals on Fed- 
eral lands. 

Thank you very much for the opportunity to present the views 
of the Department on S. 883, and I look forward to your questions. 

Thank you. 

[The prepared statement of Dr. Kimball follows:] 
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Statement of Suzette Kimball 
Acting Director, U.S. Geological Survey 
U.S. Department of the Interior 
before the 

Senate Energy and Natural Resources Committee 
on 

S.883 

May 12, 2015 

Good morning Chairman Murkowski, Ranking Member Cantwell, and Members of the 
Committee, and thank you for the opportunity to discuss S. 883, the American Mineral Security 
Act of 2015. The bill directs the Secretaries of the Interior and Energy to perform a large 
number of activities intended to support and enhance the Nation’s critical mineral supply chain, 
beginning with developing a methodology to determine which minerals are critical to the 
Nation’s economy. In this statement, I will address the provisions relevant to the Department of 
the Interior. 

The Department of the Interior supports the goal of facilitating the development of critical 
minerals in an envirorunentally responsible manner. We note that many of the activities called 
for in S. 883 are within the scope of existing Department of the Interior authorities. 

Background 

The U.S. Geological Survey (USGS) is responsible for conducting research and collecting data 
on a wide variety of mineral resources. Research is conducted to understand the geologic 
processes that have concentrated known mineral resources at specific localities in the Earth’s 
crust and to estimate (or assess) quantities, qualities, and areas of undiscovered mineral 
resources, or potential future supply. USGS scientists also conduct research on the interactions 
of mineral resources with the environment, both natural and as a result of resource extraction, to 
better predict the degree of impact that resource development may have on human and ecosystem 
health. USGS mineral commodity specialists collect, analyze, and disseminate data and 
information that document current production and consumption for about 100 mineral 
commodities, both domestically and internationally for 180 countries. This full spectrum of 
mineral resource science allows for a comprehensive understanding of the complete life cycle of 
mineral resources and materials — resource formation, discovery, production, consumption, use, 
recycling, and reuse — and allows for an understanding of environmental issues of concern 
throughout the life cycle. 

Global demand for critical mineral commodities is on the rise with increasing applications in 
consumer products, computers, automobiles, aircraft, and other advanced technology products. 
Much of this demand growth is driven by new technologies that increase energy efficiency and 
decrease reliance on fossil fuels, such as clean energy technologies. To better understand 
potential sources of critical mineral commodities, the USGS has completed studies of known 
domestic and global critical mineral reserves, resources, and uses (Long and others, 2010; Tse, 
201 1 ; Wilburn, 2012). These studies summarize basic geologic facts and materials flow issues 
related to critical mineral resources. Other USGS studies analyze world trade and supply chains 
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for critical minerals including lithium, platinum-group metals, and tantalum (Goonan, 2011, 
2012; Yager and others, 2012; Soto-Viruet and others, 2013). 

The Bureau of Land Management (BLM) administers over 245 million surface acres of public 
land primarily located in the 12 Western states, including Alaska, as well as 700 million acres of 
sub-surface mineral estate throughout the nation. The BLM manages mineral development 
under a number of different authorities, including the Federal Land Policy and Management Act, 
the Mineral Leasing Act of 1920, the Materials Act of 1947, and the Mining Law of 1 872. Each 
of these authorities, along with BLM regulations and guidance, provides a legal framework for 
the development of minerals, including critical minerals, on Federal and Indian lands. 

Rare earth elements are currently of most concern to many domestic users, including the 
Department of Defense which funded several USGS studies. However, in 2014 the United States 
was 100 percent dependent on foreign suppliers for 19 mineral commodities and more than 50 
percent dependent on foreign sources for an additional 24 mineral commodities. Import partners 
include Brazil, Canada, China, France, Germany, Japan, Mexico, Russia, and Venezuela. In 
2008, a National Research Council committee, funded largely by the USGS, developed a 
“criticality matrix” that combines supply risk with importance of use as a first step toward 
determining which mineral commodities are essential to the Nation’s economic and national 
security (National Research Council, 2008). This has been updated by subsequent studies and 
ongoing work by the Critical and Strategic Mineral Supply Chain Interagency sub-committee of 
the National Science and Technology Council, which is co-chaired by the USGS on behalf of the 
Department of the Interior, This work to define criticality and identify mineral resources of 
strategic importance is currently being carried out by the National Minerals Information Center 
(NMIC) at the USGS. 

S. 883 


S. 883, the American Mineral Security Act of 2015, directs the Secretary of the Interior, through 
the Director of the USGS, to perform a number of actions that build on current USGS activities 
and capabilities, including the recent rare earths inventory. The bill in Section 102 directs the 
USGS to develop a rigorous methodology for determining which minerals are critical and then to 
use that methodology to designate critical minerals and update that list every 2 years. Seetion 
103 calls for a comprehensive national mineral resource assessment of both known and 
undiscovered resources within four years of the bill’s enactment for each mineral designated as 
critical under Sec. 102, and it authorizes field work for the assessment, as well as technical and 
financial assistance for States and Indian tribes. It also calls for a report “describing the status of 
geological surveying of Federal Land” for mineral commodities more than 25% imported. No 
funding is authorized or appropriated for these Section 103 activities, which collectively are 
beyond the current budget capacity of the USGS. 

Section 104 directs the BLM to improve the quality and timeliness of decisions regarding the 
environmentally responsible development of critical minerals on Federal lands, along with a 
report on permitting time required in the US and as compared to other countries. We note that the 
BLM is committed to implementing efficiencies for the environmentally-responsible 
development of critical minerals on Federal lands. For example, the BLM in Nevada has made 
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great strides under this Administration as a result of 2014 guidance that sets out specific 
information and process requirements for operators developing and submitting mine plans of 
operation to the BLM, In addition, under the Mining Law of 1 872, the BLM does not collect 
royalties on minerals mined from Federal lands, and, therefore, does not collect the quantity, 
type, and estimated value of minerals produced on Federal Land. 

Section 106 imposes a 45-day deadline for final publication of Federal Register notices 
associated with critical mineral exploration or a mine permit. The bill establishes in Section 107 
a collaborative effort among DOE, other Federal Agencies, and academic institutions to analyze 
critical mineral production, processing, substitutions, and recycling patterns. Section 108 
instructs the USGS Director, in consultation with the U.S, Energy Information Administration to 
add to the Annual Mineral Commodity Summaries information on: 1) critical mineral 
requirements to meet the national security, energy, economic, industrial, technological, and other 
needs of the United States and 2) projections of critical minerals to be produced, consumed, and 
recycled during 1-, 5-, and 10-year periods into the future. The USGS has concerns with Section 
108 due to the difficulty of predicting future prices and we look forward to working with the 
Committee on this provision. 

Conclusion 


The Department maintains a workforce of geoscientists (geologists, geochemists, geophysicists, 
and resource specialists) with expertise in critical minerals and materials. The Department 
continuously collects, analyzes, and disseminates data and information on domestic and global 
rare-earth and other critical mineral reserves and resources, production, consumption, and use. 
This information is published annually in the USGS Mineral Commodity Summaries (USGS, 
2015) and includes a description of current events, trends, and issues related to supply and 
demand. 

The Department, through the USGS, stands ready to fulfill its role as the federal provider of 
unbiased research on known mineral resources, assessment of undiscovered mineral resources, 
and information on domestic and global production and consumption of mineral resources for 
use in global critical mineral supply chain analysis. 

We note, however, that many of the activities called for in S. 883 are already authorized by 
existing authorities. Any activities conducted to fulfill the objectives of the bill would require 
substantial resources and would need to compete for funding with other priorities. 

Thank you for the opportunity to present the view's of the Department on S. 883. I will be happy 
to answer any questions. 
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The Chairman. Thank you, Dr. Kimball. 

Deputy Commissioner Fogels, welcome. 

STATEMENT OF ED FOGELS, DEPUTY COMMISSIONER, ALASKA 
DEPARTMENT OF NATURAL RESOURCES 

Mr. Fogels. Thank you, Chairwoman Murkowski, Ranking 
Member Cantwell and the honorable members of the Senate Com- 
mittee on Energy and Natural Resources. 

My name is Ed Fogels, and I’m Deputy Commissioner of the 
Alaska Department of Natural Resources. On behalf of Governor 
Bill Walker, thank you for this opportunity to testify in strong sup- 
port of the American Minerals Security Act of 2015. 

I’ve also been entrusted by the 26 member states of the Inter- 
state Mining Compact Commission to convey their strong support 
for Senate bill 883 to the committee and to express their gratitude 
for your leadership in this area. 

Senate bill 883 identifies several important goals for the Federal 
Government related to strategic and critical minerals. We strongly 
endorse all of these goals. 

The USGS has found that as of 2014 the United States relied on 
imports for almost all of the 63 identified strategic and critical min- 
erals. Furthermore our reliance on imports is growing as is our 
need for these minerals. 

Our overreliance on imported minerals, however, is certainly not 
due to an absence of resource potential. In fact many U.S. regions 
contain significant potential for strategic and critical minerals. 
With the reforms outlined in Senate bill 883, this potential in Alas- 
ka and the other IMC member states can be explored. 

The State of Alaska is blessed with vast mineral potential on its 
lands. Based on USGS estimates if Alaska were a country it would 
be in the top ten in the world for coal, copper, lead, gold, zinc and 
silver. In addition, Alaska has more than 70 known occurrences of 
rare earth elements and multiple occurrences of other strategic and 
critical minerals. 

Alaska has two exciting projects currently in pre-permitting. The 
Graphite One deposit is the largest graphite deposit in the U.S., 
and the Bokan Mountain project contains significant amounts of 
the heavy or more valuable rare earth elements. 

The State of Alaska has increased its efforts to incentivize and 
promote the development of strategic minerals in Alaska. I’d like 
to briefly touch on three of these lines of effort. 

First, my department, the Division of Geologic and Geophysical 
Surveys, has embarked on a program to better characterize Alas- 
ka’s mineral endowment. Over the last several years we have 
mapped a total of 7.7 million acres, an area about one-third the 
size of the Commonwealth of Virginia. In addition we have ob- 
tained modern geochemical analysis of nearly 10,000 archived and 
new samples and much of this geochemical work has been in co- 
operation with the USGS. 

We have been working to make sure this data is readily available 
to governments, stakeholders and the public. To this end we have 
built a new geologic materials center in Alaska which contains 
samples representing over 14,000,000 feet of oil and gas drilling. 
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300,000 feet of core drilling for mineral projects and over 200,000 
surface samples. 

Senate bill 883 will greatly enhance and support these types of 
efforts and initiatives on both state and Federal lands. 

Second, Federal partnerships have been critical to the success of 
our mapping efforts. These include the National Cooperative Geo- 
logic Mapping Program, the National Geological and Geophysical 
Data and Preservation Program. We have also partnered with the 
private sector and Alaska native corporations to leverage mapping 
resources. We believe that Senate bill 883 will encourage these 
kinds of partnerships. 

Third, DNR has pursued permitting reform to make our proc- 
esses more timely, predictable and efficient. 

Senate bill 883 lays the framework for a Federal analog. 

Here are some of our specific initiatives. 

We are working hard to improve the efficiency of our day to day 
permitting processes, and we have seen great success and have 
greatly reduced our permitting backlogs. 

We have also developed a program for health impact assessments 
to ensure we can evaluate the potential impacts to human health, 
of our communities, both negative and positive, from development 
projects. 

We have been looking for ways the state can help improve the 
permitting regime for Clean Water Act, Section 404 Wetlands Au- 
thorizations in our state. And we are looking for ways to increase 
public participation in our permitting process especially from local 
communities. 

A cornerstone of Alaska’s process which could assist the Federal 
agencies to accomplish the objectives of Senate bill 883 is our large 
mine permitting team approach for mining projects. 

This team-based approach, to our knowledge, is unique in the na- 
tion. Applicants can voluntarily enter into an agreement with the 
state to get a project coordinator who tracks every permit for a 
project. The coordinator serves as a liaison between the applicant 
and all of the relevant agencies and the public to provide a single, 
efficient point of contact. 

The State of Alaska has long felt that the Federal counterpart 
to the state coordinator would vastly improve the NEPA process. 

We believe that Alaska’s efforts to date and those of our other 
IMCC states can be instructive of how this effort might work on 
a national scale, and we will continue to be available to share the 
lessons we have learned. 

Thank you again for the opportunity to testify before this Com- 
mittee, and I will be happy to answer any questions. 

[The prepared statement of Mr. Fogels follows:] 
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I. Introduction 

Chairwoman Murkowski, Ranking Member Cantwell, and honorable members of the Senate 
Committee on Energy and Natural Resources - My name is Ed Fogels and 1 am Deputy 
Commissioner of the Alaska Department ofNatural Resources (AK DNR). On behalf of Governor 
Bill Walker, thank you for this opportunity to testify in strong support of the American Mineral 
Security Act of 2015, We applaud this effort to revitalize the United States’ critical minerals supply 
chain and reduce the nation’s dependence on foreign supply, 

1 have also been entrusted by the 26 member and associate-member states of the Interstate 
Mining Compact Commission (IMCC) to convey their strong support for S, 883 to the 
Subcommittee, and to express their gratitude for your leadership in this area, 

S, 883 calls for the development of a formal federal classification system for critical 
minerals, which have been categorized in many different ways in recent history. However, most of 
these categories draw on a very important reality - that strategic and critical minerals (SCM) are 
essential for use in the United States' technology and manufacturing industries but are subject to 
potential supply disruptions. 

The U.S. Geological Survey (USGS) has maintained a list of critical minerals in the past on 
the basis of supply risk and changing technologies. The list includes rare-earth elements, the 
platinum-group metals, graphite, and many other elements or element groups. It is worth noting that 
these are Just a subset of the 37 elements identified by the USGS for which the United States imports 
more than 70 percent of its supply, and that this list will change over time based on supply and the 
evolution of demand. As the United States strives to further advance high-tech manufacturing, 
secure supplies of these inputs become even more important to our nation’s economic and national 
security. 


II. 


Overview of Today’s Testimony 



My testimony today will address why this legislation is necessary and, especially for the 
State of Alaska, very timely. Many of you will recognize many of the points I will make today, as 
both Alaska and the IMCC have been working for some time to advance the development of 
domestic supplies of critical minerals, including through prior testimony to this Committee. I want to 
again thank Senator Murkowski for continuing to be a leader on this issue, and all of you for hearing 
my testimony today. 

1 will outline very similar and complementary efforts the State of Alaska is undertaking 
through its strategic minerals initiative that was launched in 201 1 . My primary objective is to share 
specific examples of how government focus and investment can significantly improve our 
understanding of resource potential, ensure protection of the environment, and encourage private 
sector investment to help meet our mineral commodity needs. 

How'ever, before getting into substantive matters, 1 would like to briefly mention my 
professional background as it pertains to this testimony and provide some information about the 
IMCC. 


As Deputy Commissioner of AK DNR, a state agency employing more than 1,000 resource 
management professionals, 1 have been integrally involved with implementing the State of Alaska’s 
strategic and critical mineral effort. This initiative has been part of a broader effort to improve state 
permitting and increase government efficiency - a need only amplified by the budget realities 
currently faced by the State of Alaska. Our workforce includes scientists with expertise in 
conducting geological mapping and airborne geophysical studies as well as experts in permitting who 
work to ensure that exploration and development is conducted in a manner that is compatible with 
Alaska’s unique environment and stringent regulatory standards. 

The IMCC, of which the Slate of Alaska became a full member in 2013, is a multi-state 
organization that represents the natural resource and related environmental protection interests of its 
member states. Twenty-three states have ratified their membership in the IMCC through acts of their 
respective state legislatures, and three others participate as associate members while they pursue 
enactment of state legislation ratifying their membership. A primary focus of the IMCC is liaising 
with Congress and the federal government to promote a cooperative effort between state and federal 
agencies in advancing responsible mining development and environmental protection. 

As the primary regulators of mineral production activity within their borders, the IMCC 
member states have a vital interest in the development of all minerals, particularly those of strategic 
and critical importance to the United States. Even where minerals are produced on federal lands, 
states often work in concert with our various federal agency partners to ensure that these minerals are 
mined in an efficient and effective manner, while also protecting the environment and balancing 
impacts on other resources such as the land, water and air, 

in. Significance of S. 883 

The Policy section of S. 883 identifies several important goals for the federal government 
related to strategic and critical minerals, including the need to forecast supply and demand, facilitate 
development and production, and promote efficiency in use and production. We strongly endorse all 
of these objectives. 
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Under S. 883, the federal government would take important steps towards a new critical 
minerals policy that: 

• Facilitates domestic production; 

• Promotes investment-quality, environmentally-sound domestic mining, processing and 

minerals recycling; 

• Establishes a national assessment for mineral demand, supply and needs; and 

• Addresses permitting inefficiencies that impact the minerals sector. 

Some of our Nation’s key federal resource management agencies (the USGS and the U.S. 
Bureau of Land Management (BLM) within the Department of the Interior, the Department of 
Energy, and the U.S. Forest Service (USFS) within the Department of Agriculture), will take a lead 
role in implementing this new policy. To be successful, they will need to establish strong 
partnerships with tlie states that have the resource base to support a strategic minerals sector and the 
regulatory systems and expertise to develop those resources. 

Appendix I is a graph from the U.S. Geological Survey’s 2015 mineral commodity summary 
of 63 minerals important to the United States. This figure starkly shows the magnitude of mineral 
imports - as of 2014, the United States relied on imports for almost all of its strategic and critical 
minerals. We import 1 00 percent of 1 9 of the 63 minerals and more than 50 percent of 24 additional 
minerals. Furthermore, the numbers of materials we import over 70% of have been increasing - 
from 1 7 in 1996 to, just under 20 years later, 37 - while our reliance on SCM-intensive technology 
has also increased. 

Our over-reliance on imported minerals, however, is certainly not due to an absence of 
resource potential. In fact, while much additional work and investment is needed to develop 
domestic supplies, many U.S. regions contain significant potential for strategic and critical minerals. 
For example, we have indicated current, past, and potential production in Appendix I to showcase 
Alaska’s potential. With the reforms outlined in S. 883 and strengthened partnerships between States 
and the federal government, this potential in Alaska and the other IMCC member states can be 
explored, 

rv. Alaska’s Strategic and Critical Minerals Initiative 

The State of Alaska is blessed with vast mineral potential on its lands. Based on USGS 
estimates, if Alaska was a country, it would be in the top 10 for: 

• Coal { 1 7% of the world’s coal; 2nd most in the world) 

• Copper (3% of the world’s copper; 5th most in the world) 

• Lead (3% of the world’s lead; 8th most in the world) 

• Gold: (7% of the world’s gold; 5th most in the world) 

• Zinc: (4% of the world’s zinc; 6lh most in the world) 

• Silver (1 % of the world’s silver; 9th most in the world) 

In addition, Alaska has more than 70 known occurrences of rare earth elements (REEs) and 
multiple occurrences of other SCMs, as noted on Figure 2. For example, Alaska has two exciting 
projects that this Committee should be aware of The Graphite-1 deposit is the largest graphite 
deposit in the US, and is currently in the pre-permitting phase. There has not been any graphite 
mined in the US since 1991. The Bokan Mountain project is also in the pre-permitting phase, and 
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contains significant amounts of heavy Rare Earth Elements. We expect that continued exploration 
will lead to additional discoveries, and welcome federal initiatives to stimulate this exploration. 



Figure 1; Strategic and critical mineral occurrences in Alaska (Source; AK DGGS). 


Recognizing the nation’s need for domestic production of SCMs and the significant minerals 
potential in Alaska, the Department of Natural Resources has increased its efforts to incentivize and 
promote the development of strategic minerals in Alaska. These efforts include: 

• Undertaking a statewide assessment of Alaska’s strategic mineral potential; 

• Supporting the development of known and highly-prospective strategic mineral occurrences 
through infrastructure paitnerships and incentives; 

• Improving the structure and efficiency of the permitting process; 

• Deepening partnership and cooperation with the federal government and other stakeholders 
to encourage domestic exploration, development, and processing of REEs and other strategic 
minerals; 

• Attracting new investment and markets for Alaska’s abundant mineral resources; and 

• Improving access to geologic data, including through the opening of an expanded modem 
Geologic Materials Center to showcase the State’s geological samples. 


4 




17 


1 will provide a brief summary of these efforts as an example of what can be done with 
proper leadership, cooperation, and funding. My hope is that this Committee can use Alaska’s 
Strategic Minerals Initiative as an example of successful government investment in the minerals 
sector and gauge the level of investment needed to address a national effort. As we see it, S. 883 
supports all of our initiative’s goals on the federal level - including the critical partnership element. 

Statewide Assessment 

Starting in 201 1, with funding approved by the Alaska Legislature, the Alaska Division of 
Geological & Geophysical Surveys (DGGS) embarked on a program to better characterize Alaska’s 
SCM endowment. This schedule and timetable for completion of the division’s Strategic and Critical 
Minerals Assessment project is shown in Figure 2, and Appendix II of this testimony provides a list 
of products that may be made available through this project. 


2012 2013 2014 2015 2016 2017 2018 

Rare-Earth Elements, Yttnum 

Platinum-Group Elements, Nickel 

Niobium Tantdijm [Tin] Indium, 

1 Fluorine (also known as Fluorspar) 

2019 2020 

RMnium, Cobalt [Copper, Nickel], 
Chrarnium, Titanium 'r.. 

Graphite ~ 

1 Antimony, Tungsten 

te* 

Barite 



Figure 2 : Alaska planned strategic and critical minerals project schedule (Source: AK DGGS) 

Compiling existing data sets was a key first step in the process and it allowed the state to 
focus limited funds on highly-prospective state lands that are open to mineral exploration. Partnering 
with federal agencies was an important step to ensure that geopolitical boundaries do not hinder the 
geological analysis - and we are encouraged that S. 883 contains similar provisions. 

High-quality, district-scale geological data is lacking for most areas of Alaska with known 
SCM occurrences. The most basic and useful data - geologic maps - are generally not available at a 
scale useful for mineral exploration {! :63,360 or 1” = I mile). Much of the other available public 
data occurs in a patchwork of coverage of varying quality, vintage, and scale. The state’s efforts to 
provide publicly available, high quality and consistent digital geologic datasets will allow policy 
makers and land managers to make informed decisions; spur mineral exploration and subsequent 
mine development; and ultimately reduce the nation’s reliance on foreign supply. S. 883 will greatly 
enhance and support these types of efforts and initiatives on both state and federal lands. 
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Alaska Geochemical Analyses 
Strategic & Critical Minerals PK^eet 

# 6.491 Samples reanalyzed 
and newly collected by the 
Alaska Division of Geologica! 
& Geophysical Surveys 
(DGGS) - Published 

# 2,072 USGS sediment 
samples rearvaiyzed by 
DGGS under ccraperative 
agreement - Ready to be 
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1,445 Samples recently 
reanalyzed by USGS - 
Published 

USGS samples available 
for obtaining modern 
geochemical analyses 
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Figure 3: USGS/DGGS geochemical analysis of nearly 10,000 archived and new samples. 

(Source: AK DGGS) 

The Strategic and Critical Minerals Project initially called for spending $2,5 million a year 
for five years, and since project initiation in 2011, DGGS has spent $5.7 million on field 
investigations. However, revenues to the State of Alaska have been impacted by the decrease in oil 
price, and the public capital investment available for these strategic programs has correspondingly 
been limited. This is why a federal focus on SCM assessment and production is so timely for Alaska. 

As Alaska and all of the IMCC member states deal with the many competing priorities for 
state capital expenditures, it is critical for our collective economic and national security that we have 
a federal partner that is efficient and engaged in SCM-related issues to support state efforts. 

Results of the Assessment Program 


Alaska’s Strategic and Critical Minerals Project has produced a significant amount of data 
since its initiation in 201 1. In geologic mapping at both reconnaissance and detailed scales, over 5.3 
million acres have been assessed, and more than 2.4 million acres of high resolution airborne 
geophysics has been acquired, for a total of 7,7 million acres of mapping. To put this into context, 
the Commonwealth of Virginia contains approximately 27,4 million acres within its boundaries. 
With the available fimding over Just a few years we have been able to cover almost 30 percent of the 
area of Virginia. In addition to the mapping effort, the state has obtained modem geochemical 
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analysis (focused on the full suite of elements) of nearly 10,000 archived and new samples collected 
during the mapping effort. Much of this geochemical work has been in cooperation with the USGS, 
which has significantly broadened the aerial coverage and distribution of the information, as shown 
in Figure 3. 

To contemplate similar programs for a nationwide effort, significantly more funding and 
‘boots on the ground^ would be necessary. Certainly, there is a tremendous variability in the level of 
data coverage and data quality across the nation, and, as a result, performing comprehensive resource 
assessments will require a coordinated effort and the creation of a robust funding mechanism 
between states and federal agencies, S, 883 would move us in this direction in meaningful ways, and 
is why Alaska and the IMCC states join in its support. 

Cooperation: Federal funding through STATEMAP and data preservalion 

An excellent example of cooperative funding and leveraging of state and federal dollars to 
acquire geologic information is the National Cooperative Geologic Mapping Program 
(STATEMAP). This national program has been a cornerstone of cooperation between State Geologic 
Surveys and the USGS and has been supported by Alaska and IMCC over the years. 

Another key federal program that helps to archive samples and other forms of legacy 
geological and geophysical data is the National Geological and Geophysical Data Preservation 
Program. A tremendous amount of valuable new information was acquired at a very low cost in 
Alaska by sampling archived materials from both the State and USGS collections. It is imperative 
that these cost-effective programs are maintained and sufficiently funded to address the evolving 
geologic needs of the nation, including the strategic minerals assessment program. Again, the 
provision in S, 883 will facilitate this type of work greatly. 

V. Alaska’s Efforts to Improve Permitting 

Since 201 1, AK DNR has pursued permitting reform to make our processes more timely, 
predictable and efficient. This has including investing in our staff, modernizing our technology, and 
working with the Alaska Legislature to enact statutory changes - all of which are integrally related to 
our efforts to promote the development of Alaska’s SCMs. 

This effort has been grounded in the support of the Alaska Legislature, and S. 883 lays the 
framework for a federal analog. At the State level, we received approximately $2.7 million in 
operating funds and $2,5 million in capital funding for our Division of Mining, Land & Water to 
create efficiencies in its pennitting process and to fill vacant positions focused on permitting. With 
this support. Division Director Brent Goodrum and his staff have been able to reduce what had been 
a longstanding backlog of permit and authorization applications by more than 50 percent, 

Alaska’s permitting reforms also include gathering more information when necessary. For 
example, we have recently developed a program for Health Impact Assessments (HIA) for some 
projects. These reviews objectively evaluate the potential impacts to human health - both negative 
and positive - from mine development. T'he HIA program is housed in the Alaska Department of 
Health and Social Services and is staffed by public health professionals. 

Alaska has invested significant effort into improving the permitting regime for Clean Water 
Act Section 404 w'etlands authorizations in our state. This is important in Alaska given that much of 
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Alaska is wetlands. The state has been evaluating the potential of assuming primacy over wetlands 
pennitting, and is in the process of investigating the possibility of a stale-run wetlands mitigation 
bank. Such improvements could make permitting mining projects, including those for SCM in 
Alaska, more efficient, timely, and certain. 

S. 883 also demonstrates an intent to make practical improvements to the federal process 
along the lines Alaska has taken to modernize our mining permit application forms. Streamlining 
these forms has simplified the process for miners, eliminated duplicative and confusing technical 
terms, and will improve application processing by reducing errors and increasing readability. These 
changes - while they may seem minor to those unfamiliar with the complexity of mine permitting - 
impact critical performance metrics such as compliance by applicants and administrative efficiency. 
Most importantly, they promote domestic supplies of SCMs. 

Lar2e Project Coordinalion 

A cornerstone of Alaska’s process — which could assist the federal agencies accomplish the 
objectives of S. 883 - is the interagency Large Mine Pennitting Team (LMPT) approach to the 
review of permits and authorizations for mining projects. This team-based approach, to our 
knowledge, is unique in the nation. 

Applicants can voluntarily enter into an agreement with AK DNR's Office of Project 
Management and Pennitting (OPMP) to provide a Large Project Coordinator who tracks every 
permit for the project - across state agencies as well as the federal government. This coordinator 
serves as a liaison between the applicant and all of the relevant state regulators to provide a single, 
efficient point of contact for the applicant to eliminate duplication and confusion. This process also 
prevents permitting requirements from being overlooked by applicants, and helps the state agencies 
identify technical capabilities across the state and, when necessary, in contractors that need to be 
brought to bear on applications during review. 

When a project requires a federal Environmental Impact Statement (EIS) under the National 
Environmental Policy Act (NEPA), OPMP typically signs on as a Cooperating Agency on behalf of 
the State as a whole and coordinates state participation in the NEPA environmental review. The 
State of Alaska has long felt that a federal eounterpart to the State Coordinator would vastly improve 
the NEPA process. 

Recent projects for the OPMP LMPT have been the EIS for the Greens Creek Tailings 
Expansion, the re-issuance of authorizations and financial assurances for the Kensington Gold Mine, 
and modifications to the Fort Knox Gold Mine's Plan of Operations and Waste Management Permit. 
Under S, 883, we would look forward to even smoother regulatoiy reviews in the future. 

VI. Working with Federal Agencies and Industry 

One of the most cost-effective ways to gather new data in remote areas with high costs of 
data acquisition is through partnerships and grant programs that leverage the limited funding of all 
interested parties. Methods for leveraging can include data sharing, direct contribution to expand 
programs, cost sharing through competitive grant programs, and the cooperative u.se of archived 
samples and data sets where results are shared by all parties. 
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In fall 2013, DGGS leveraged its Wrangellia airborne survey by coordinating with a mineral 
exploration company, allowing the company to fly an airborne survey that overlapped a portion of 
the DGGS survey area. DGGS was given tlie results from the company’s survey, at no cost, and 
incorporated it into our analyses and made it available to the public. DGGS made a similar 
arrangement with Cook Inlet Region, Inc. (CIRl), an Alaska Native regional corporation, for a 1 00- 
square-mile area adjacent to the state’s Farewell survey area. DGGS is open to working 
cooperatively with other private, industry, and government partners to leverage limited funding. This 
is an example of the multi-stakeholder approach that could be utilized at the federal level under S. 
883. 


DGGS maintains close working relationships with the USGS and BLM as part of the state’s 
SCM project. Specifically, DGGS and the USGS signed two memoranda of understanding (MOU) 
to support the effort. The first is a cooperative agreement to evaluate Alaska’s Strategic & Critical 
Minerals potential, which includes: 

1) statistically identifying SCM-related elements with high values in statewide geochemical data 

in order to identily areas with high SCM potential; 

2) identifying areas in Alaska with geology favorable for finding SCM-related mineral deposits; 

and 

3) re-analyzing historic USGS samples and obtaining modem geochemical analyses to facilitate 

mineral exploration for SCM; and 

4) cooperatively publishing results of geologic studies. 

The second MOU with the USGS is a cooperative agreement to enhance DGGS geophysical 
surveys and to contract additional geophysical surveys. The agreement formalizes a cooperative 
program for the USGS and DGGS to: 

1 ) collaborate on applying new processing techniques to existing and any future DGGS airborne 

geophysical survey data; 

2) collaborate on development of new interpretative products (appropriate to both agencies); 

3) provide for the ability to share appropriate confidential geophysical data and information 

between the geophysical personnel of both agencies; and 

4) contract for additional airborne geophysical surveys in Alaska. 

DGGS also has an informal cooperative agreement w'ith the Rl.M to document, archive, and 
make publically available (on DGGS’s web site) all of the historic U.S. Bureau of Mines Strategic & 
Critical Minerals data and publications in Alaska. In addition to these agreements, USGS recently 
made a donation of their Anchorage geological samples catalog to the State to support the new State 
Geological Materials Center mentioned above. 

This kind of partnership is a strong foundation for the cooperative work between the federal 
and state governments under S. 883 to stimulate mineral production on both state and federal lands 
across the country. We are particularly supportive of those provisions in S. 883 that would require 
enhanced coordination between federal government agencies such as BLM and USFS and state 
government agencies that have similar responsibilities for the development of mineral resources. We 
believe that renewed and revitalized efforts in this regard would avoid duplicative reviews, minimize 
paperwork and result in timelier processing of permit applications. The bill also recognizes and 
gives credence to the critical role played by the states with jurisdiction over the mining projects that 
will hopefully result from cooperative work. 
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VII. Summary 

As domestic needs and supply constraints evolve, it is imperative that government is ready 
with the data and regulatory environment necessary to address the unique challenges and meet the 
nation's needs for domestic resources. For its part, the State of Alaska has invested in the assessment 
of its resources for many years. Historically, the federal government has made significant 
investments in these critical activities as well. However, the recent failure to prioritize the USGS 
minerals program has created a situation where these assessments are difficult or nearly impossible to 
implement at a national scale. 

The American Mineral Security Act of 20 1 5 is a much needed effort to address, and reverse, 
this situation. The bill addresses the supply chain of critical and strategic minerals that are important 
for national security, protection of the environment, and economic well-being of the nation. By- 
focusing on the data requirements for resource assessments and examining the permitting process for 
inefficiencies that may unnecessarily hinder responsible development, this legislation will help 
remove some of the barriers to environmentally sound domestic production and provide the raw 
materials for new technologies that will provide a host of benefits to the nation. 

As stated in the bill, the federal government cannot accomplish these tasks alone. It is critical 
that state and federal agencies work in close cooperation, leveraging their expertise and funding to 
maximize efficiency. Providing sufficient federal funding and matching grant opportunities will be a 
crucial part of this work going forward and will be needed for all sections of the bill, including the 
resource assessments, 

Alaska's strategic minerals initiative can be instructive of how this effort might work on a 
national scale, and we will continue to be available to share lessons we have learned. While Alaska’s 
work isn't finished yet, we have gathered the data needed to assess the mineral potential of more than 
7.7 million acres of highly-prospective state land, addressed inefficiencies in our regulatory 
framework, coordinated permitting, and increased the domestic exploration and production of a host 
of mineral commodities, including strategic and critical minerals. The investment depicted in Figure 
4 shows how successful these efforts have been. In Alaska, exploration expenditures - the front-end 
risk money that leads to the next discoveiy- and potential development - have exceeded $100 million 
dollars for each of the last nine consecutive years, and exceeded $300 million per year for three of 
those years. 

The experience in many of the IMCC member states, particularly in the West, has been 
similar and highlights the importance of a coordinated approach for mineral development and related 
environmental protection. The efforts and investment contemplated by the American Mineral 
Security Act of 2015 will help achieve similar results across our country on a national scale. 

Thank you again for the opportunity to testily before this committee. 1 would be happy to 
answer any questions you may have. 
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Figure 4; Alaska mineral exploration expenditures, 1956-2013. Curve in the background is 
inflation-adjusted for 2013 dollars. (Source: Alaska’s Mineral Industry 2013, Special Report 69) 






24 


Appendix I 
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United States’ import reliance on selected minerals (Source; USGS Mineral Commodity 
Summaries, 2015). Modified to show Strategic and critical minerals (highlighted in yellow), and 
Alaska’s current (red), past and potential (green), and potential future production (blue) 
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Appendix II 

Products to be published from the State of Alaska Strategic and Critical Minerals Assessment Project 
include: 

• A statewide evaluation by element or element group of known SCM resource areas, 
summarizing ore deposit models and resource potential for use in strategic assessments and 
planning. 

• District-scale geologic maps, geologic reports, geophysical surveys, and geochemical data 
from our investigations made digitally available to aid mineral exploration. 

Specific new studies DOGS conducts for any commodity will augment currently available 
information. Data we envision providing for investigated areas, either from existing or newly 
acquired data, includes: 

• Draped airborne magnetic, electromagnetic, and radiometric (U, K, Th) surveys. 

• Bedrock and surficial geological mapping at a scale of ! :63,360 ( I inch on the map=l mile 
on the earth’s surface). 

• Geochemical analyses from stream sediment, pan concentrate, and mineralized rock samples 
to characterize metal distribution, as well as age dates and whole-rock and trace-element 
analyses to classify and characterize host rocks. 
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Appendix III 

Publications and presentations resulting from the State of Alaska’s 
Strategic and Critical Minerals Assessment project: 

18 Presentations and Associated Abstracts 

Swenson, R., 2011, Alaska Strategic & Critical Minerals Potential (presentation): Strategic & Critical 
Minerals Summit, Fairbanks, Alaska, September 30, 2011. 

Swenson, R., 2012, Alaska Strategic & Critical Minerals Potential and Assessment (presentation); 
Strategic & Critical Minerals Summit; Fairbanks, Alaska, November 30, 2012, 

Adleman, J.N., and Bluemink, Elizabeth, 2013, Second annual Alaska strategic and critical minerals 
summit: Alaska Division of Geological & Geophysical Surveys Miscellaneous Publication 151, 
17p. doi: 10.l4509-'250q5 

Szumigala, D.J., 2010, REE Assessment (presentation); Native Corporations of Alaska Conference, 
Girdwood, Alaska, 

Freeman, L,K., Newberry, R.J„ Griesel, G.A., Szumigala, D.J.. Elliott, B,A„ Lough, T.A., Werdon, 
M.B., and Burns, L.E., 2011, Geologic Mapping and Mineral lnve.stigations in the Moran 
Geophysical Survey Area, West-Central Alaska [abs.], in From Prospect to Feasibility, Alaska 
Miners Association Annual Convention, Nov. 7-13, 2011. Anchorage, Alaska, Proceedings: 
Anchorage, Alaska, Alaska Miners Association, p. 14-16. 

Werdon, M.B., Burns, L.E,, Blessington, M.J., and Freeman, L.K., 2012, DGGS Geophysical 
Sui-veys and Strategic and Critical Minerals Studies in Alaska, [abs.], in The Business of Mining, 
Alaska Miners Association Annual Convention, Nov. 5-11, 2012, Anchorage, Alaska, 
Proceedings: Anchorage, Alaska, Alaska Miners Association, p. 14-15. 

Freeman, L.K., Newbeny, R.J., Bachman, E.N., Blessington, M.J., Tuzzolino, A.L., and Werdon, 
M.B., 2012, Geologic Resource Assessment of Strategic and Critical Minerals, Ray Mountains 
Area, Central Alaska, [abs.], in The Business of Mining, Alaska Miners Association Annual 
Convention, Nov. 5-11, 2012, Anchorage. Alaska. Proceedings: Anchorage, Alaska, Alaska 
Miners Association, p. 16-18. 

Combellick, Rod, Werdon, M.B., Freeman, L.K., Burns. L.E., and Swenson. Bob, 2013, Alaska 
Strategic & Critical Minerals Assessment project, [abs.], in Conference Juneau 2013, Alaska 
Miners Association Biennial Conference, Feb. 12—15, 2013, Juneau, Alaska, Proceedings: Juneau. 
Alaska, Alaska Miners Association, p. 8-10. 

Twelker, E., and others, 2013, The Alaska critical minerals co-op project [abs.], in Mining in Alaska; 
Built - Keep It - Grow It, Alaska Miners Association Annual Convention, Nov. 4-13, 2013, 
Anchorage, Alaska, Proceedings: Anchorage, Alaska, Alaska Miners Association, p. 19-20. 

Hayes, T.S., Werdon, M.B., Mauk, J.L., Schmidt, J.M,, Jones 111, J.V., Todd, Erin, Wang, Bronwen, 
Granitto, Matthew, Lee, G.K., Shew, N.B.. and Labay, K.A., 2013, The Alaska critical minerals 
co-op project fabs.], in Mining in Alaska: Built - Keep It - Grow It, Alaska Miners Association 
Annual Convention, Nov. 4-13, 2013, Anchorage, Alaska, Proceedings: Anchorage, Alaska. 
Alaska Miners Association, p. 19-20. 

Masterman, S., 2013, UAF talk on Strategic and Critical Minerals work by the State of Alaska. 

fwelker, Evan, and Bums, L.E., 2014, New' geochemical and geophysical data from the western 
Wrangellia minerals assessment area (presentation): Alaska Miners Association 24th Biennial 
Mining Conference, Fairbanks, Alaska April 7-13, 2014: Alaska Division of Geological & 
Geophysical Surveys, 34 p. 

Tuzzolino, A.L., Newberry, R.J,, and Freeman, L.K., 2014, The No Name Pluton: A potential rare- 
earth element (REE) resoui'ce in the Ruby Batholith, Alaska (presentation): Alaska Miners 
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Association, 24th Biennial Mining Conference, Fairbanks, Alaska, April 7-13, 2014: Alaska 
Division of Geological & Geophysical Surveys, 30 p. 

Twelker, Evan, Wypych, A., Sicard, K.R., Newberry, R.J,, Freeman, L.K., Reioux, D.A., and Lande, 
L., 2014, Preliminary results from 2014 geologic mapping in the Talkeetna Mountains, Alaska 
(abs.): Alaska Miners Association Annual Conference, November 3-7, 2014: Anchorage, Alaska, 
p. 33-34. 

Karl, S.M., Jones, J.V., Labay, K.A., Shew, N.B., Granitto, M,, Hayes, T.S., Mauk, J.L,, Schmidt, 
J.M., Todd, E., Wang, B., Werdon, M.B., and Yager, D.B., 2014, GlS-based identification of 

areas that have mineral potential in the BLM Central Yukon Planning area, Alaska (poster): 

Alaska Miners Association Annual Conference, November 3-7, 2014: Anchorage, Alaska, 1 sheet. 

Karl, S.M., Jones, J.V., Labay, K.A., Shew, N.B., Granitto, M., Hayes, T.S., Mauk, J.L., Schmidt, 
J.M., Todd, E., Wang, B., Werdon, M.B., and Yager, D.B,, 2014, GlS-based identification of 

areas that have mineral potential in the BLM Central Yukon Planning area, Alaska (abstract): 

Alaska Miners Association Annual Conference, November 3-7, 2014: Anchorage, Alaska, 1 sheet. 

Emond, A.E., Bums, L.E., and Graham, G.E., 2014, DGGS Airborne Geophysical data, Applications, 
Insights, and Updates: Fall 2014 (talk, abs.): Alaska Miners Association Annual Conference, 
November 3-7, 2014: Anchorage, Alaska. 

Hayes, T.S., Jones, 111, J.V., Karl, S.M., Labay, K.A., Schmidt, J.M., Shew, N.B., Todd, E., Wang, 
B., Granitto, M., Mauk, J.L., Yager, D.B., and Werdon, M.B., 2015, Strategic and critical element 
potential and certainty in Alaska: Quantitative evaluations from a new data-driven, geographic 
information system-based method: SGA meeting 

9 Geologic Publications 

Szumigala, D.J., and Werdon, M.B., 2011, Rare-Earth Elements: A brief overview including uses, 
worldwide resources, and known occurrences in Alaska: Alaska Division of Geological & 
Geophysical Surveys Information Circular 61, 12 p. doi: 10.14509/22262 

Lee, Gregory, Granitto, Matthew, Wang, Bronwen, Shew, Nora, Mauk, J.L., Hayes, T.S„ Jones III, 
J.V.. Schmidt, J.M., Todd, Erin, and M.B. Werdon, 2013, Geochemical mapping of Alaska using 
large legacy databases [abs.]: in, Christie, A.B., cd., 26th International Applied Geochemistry 
Symposium 2013, Incorporating the 35th New Zeeland Geothermal Workshop, November 17-21, 
2013: Rotorua, New Zealand, The Association of Applied Geochemists, p. 50. 

Twelker, Evan, Newberry, R.J,, Freeman, L.K., Sicard, K.R., Reioux, D.A., and Bachmann, E.N., 
2013, DGGS geologic and mineral-resource assessment of the western Wrangellia terrane, central 
Alaska: Initial progress report (presentation): Alaska Miners Association Annual Convention, 
Anchorage, Alaska, November 4—10, 2013: Alaska Division of Geological & Geophysical 
Surveys, 25 p. doi: 10. 14509/26821 

Twelker, Evan, and Burns, L.E., 2014, New geochemical and geophysical data from the western 
Wrangellia minerals assessment area (presentation): Alaska Miners Association 24th Biennial 
Mining Conference, Fairbanks, Alaska April 7-13, 2014: Alaska Division of Geological & 
Geophysical Surveys, 34 p. doi: IO.I4509/27284 

Tuzzolino, A.L,, Newberry, R.J., and Freeman, L.K., 2014, The No Name Pluton: A potential rare- 
earth element (REE) resource in the Ruby Bathoiith, Alaska (presentation): Alaska Miners 
Association, 24th Biennial Mining Conference, Fairbanks, Alaska, April 7-13, 2014: Alaska 
Division of Geological & Geophysical Surveys, 30 p. doi: 1 0.14509/27286 

Jones, J.V., 111, Karl, S.M., Labay, K.A., Shew, N.B., Granitto, M., Hayes, T.S., Mauk, J.L., Schmidt, 
J.M., Todd, E., Wang, B., Werdon, M.B., and Yager, D.B., 2015, GlS-based identification of 
areas with mineral resource potential for six selected deposit groups, Bureau of Land Management 
Central Yukon Planning Area, Alaska: U.S. Geological Survey Open-File Report 2015-1021, 78 
p., 5 appendixes, 12 pis., doi: l0.3133/ofr20IS1021 . 
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Benowitz, J.A., Layer, P.W., and Twelker, Evan, 2014, ''°Ar/^‘*Ar data from rocks collected in 2013 
in the Wrangellia mineral assessment area, Gulkana, Healy, Mount Hayes, and Talkeetna 
Mountains quadrangles, Alaska: Alaska Division of Geological & Geophysical Surveys Raw Data 
File 2014-18, 10 p. doi: 1 0.1 4509/29 119 

Tuzzolino, A.L., Newberry, R.J., Benowitz, J.A„ Layer, P.W., and Freeman, L.K., 2014, ^“Ar/^’Ar 
data, Ray Mountains area, Betties Quadrangle, Alaska: Alaska Division of Geological & 
Geophysical Surveys Raw Data File 2014-19, 12 p. doi: 10. 1450929124 

Emond, A.M., Bums, L.E., and Graham, G.R.C., 2014, DGGS Airborne Geophysical data, 
Applications, Insights, and Updates — Fall 2014 (presentation): Alaska Miners Association Annual 
Conference, November 3-7, 2014: Anchorage, Alaska: Alaska Division of Geological & 
Geophysical Surveys, 36 p. doi: 10. 1450929147 

7 Poster Publications 

Tuzzolino, A.L., Newberry, R.J., and Freeman, L.K., 2013, Rare-earth-element (REE) potential in 
the Ray Mountains area, central Alaska (poster); Alaska Miners Association Annual Convention, 
November 4—10, 2013: Alaska Division of Geological & Geophysical Surveys, 1 sheet, 
doi: 10 . 1 45092678 1 

Twelker, Evan, Wypych, Alicja, and Newberry, R.J., 2014, New Data and Insight on the Late 
Triassic Wrangellia Magmatic Ni-Cu-Co-PGE System in the Talkeetna Mountains, Central Alaska 
(poster): Society of Economic Geologists 2014 Conference, September 27-30, 2014: Alaska 
Division of Geological & Geophysical Surveys, 1 sheet, doi: 1 0. 1 4509291 39 

Twelker, Evan, Wypych, Alicja, and Newberry, R.J., 2014, New Data and Insight on the Late 
friassic Wrangellia Magmatic Ni-Cu-Co-PGE System in the Talkeetna Mountains, Central Alaska 
(poster): Alaska Miners Association Annual Conference. November 2-6. 2014: Anchorage, 
Alaska, 1 sheet, doi: IO. 14509/29139 

Karl, S.M,, Jones, J.V., Labay, K.A., Shew, N.B., Granitto. M., Hayes, T.S., Mauk, J.L., Schmidt, 
.I.M., Todd, E., Wang, B., Werdon, M.B., and Yager, D.B., 2014, GlS-based identification of 
areas that have mineral potential in the BLM Central Yukon Planning area, Alaska (poster): 
Alaska Miners Association Annual Conference. November 2-6, 2014: Anchorage, Alaska, 1 
sheet, 

L.E. Bums, CGG, and Fugro Geosciences, 2014, 1. Shaded Relief of the Residual Magnetic Field, 
Wrangellia Survey (poster): Ala.ska Division of Geological & Geophysical Surveys, Geologic 
Materials Center Grand Opening, Anchorage, Alaska, October 29, 2014. 

L.E. Burns, CGG, and Fugro Geosciences, 2014, 2. Shaded Relief of the 7200 Hz Coplanar Apparent 
Resistivity', Wrangellia Survey (poster): Alaska Division of Geological & Geophysical Surveys, 
Geologic Materials Center Grand Opening, Anchorage, Alaska, October 29, 2014. 

L.E. Burns, CGG, and Fugro Geosciences, 2014, 3. Select Magnetic, Apparent Resistivity, and 
Radiometric Images from the Farewell Survey Area (poster): Alaska Division of Geological & 
Geophysical Suiveys, Geologic Materials Center Grand Opening. Anchorage, Alaska, October 29, 
2014. 

8 Airborne Geophysical-Survey Publications 

Burns, L.E., Fugro Airborne Surveys Corp., and Fugro GeoServices, Inc., 2013, Southern Dishna 
River, Fox Hills, and Beaver Creek survey area.s — Airborne Magnetic and electromagnetic data in 
line (point), grid, vector, and map formats, Iditarod, Ophir, and Holy Cross quadrangles, western 
Alaska: Alaska Division of Geological & Geophysical Sutv'eys Geophysical Report 2013-1, I 
DVD, scale 1 :63,360. doi: 10. 14509,2670 1 

Bums, L.E., Fugro Airborne Sun'eys Corp., and Fugro GeoServices, Inc., 2013, Middle Styx survey 
area: Airborne magnetic, electromagnetic, and radiometric data in line (point), grid, vector, and 
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map formats, Lime Hills and Tyonek quadrangles, southcentral Alaska: Alaska Division of 
Geological & Geophysical Surveys Geophysical Report 2013-2, 1 DVD, scale 1:63,360. 
doi: l 0.1 4509/254 1 9 

Bums, L.E., Fugro Airborne Surveys Corp., and Fugro GeoServices, Inc., 2013, Dalzell Creek survey 
area: Airborne magnetic, electromagnetic, and radiometric data in line (point), grid, vector, and 
map formats, McGrath Quadrangle, southcentral Ala.ska: Alaska Division of Geological & 
Geophysical Surveys Geophysical Report 2013-3, I DVD, scale 1:63,360. doi: l 0.1 4509/25439 

Burns, L.E., CGG, and Fugro GeoServices, Inc., 2014, Farewell survey area: Airborne magnetic, 
electromagnetic and radiometric data in line (point), grid, vector, and map fonnats, McGrath and 
Lime Hills quadrangles, south-central Alaska: Alaska Division of Geological & Geophysical 
Surveys Geophysical Report 20 1 4-2, 1 DVD, scale 1:63,360. doi: 10. 14509/27291 

Bums, L.E., CGG, and Fugro GeoServices, Inc., 2014, Wrangellia survey area: Airborne magnetic 
and electromagnetic data in line (point), grid, vector, and map formats, Talkeetna Mountains, 
Healy, and Mt. Hayes quadrangles, south-central Alaska: Alaska Division of Geological & 
Geophysical Surveys Geophysical Report 2014-1, 56 sheets, 1 DVD, scale 1:63,360. 
doi: l0.14509./27022 

Emond, A.M., CGG, Bums, L.E., Graham, G.R.C., and CGG Land (US) Inc., 2015, Tonsina 
electromagnetic and magnetic airborne geophysical survey data compilation: Alaska Division of 
Geological & Geophysical Surveys Geophysical Report 2015-1. doi: l 0.14509/29169 

Burns, L.E., Geoterrex-Dighem, WGM, Inc., Emond, A.M., and Graham, G.R.C., 2014, Iron Creek 
airborne electromagnetic and magnetic geophysical survey data compilation: Alaska Division of 
Geological & Geophysical Surveys Geophysical Report 2014-6. doi: l 0.1 4509/27360 

Bums, L.E., CGG, and Fugro GeoServices, Inc., 2014, East Styx survey area: Airborne magnetic, 
electromagnetic and radiometric data in line (point), grid, vector, and map formats, Talkeetna, 
Tyonek, McGrath, and Lime Hills quadrangles, south-central Alaska: Alaska Division of 
Geological & Geophysical Surveys Geophysical Report 2014-5, scale 1:63,360, 1 DVD. 
doi: l 0.1 4509/29 142 

Emond, A.M., CGG, Burns, L.E., Graham, G.R.C., and CGG Land (US) Inc., 2015, Tok 
electromagnetic and magnetic airborne geophysical survey data compilation: Alaska Division of 
Geological & Geophysical Surveys Geophysical Report 201 5-2. doi: IO. 14509/29347 

7 New DGGS Geochemical-Survey Publications 

Stevens, D.S.P., Werdon, M.B., and Wright, T.C., 2013, Geochemical trace-element and rare-earth 
element data from rock samples collected in 2012 on Annette Island, southeast Alaska: Alaska 
Division of Geological & Geophysical Surveys Raw Data File 2013-2, 2 p. doi: 1 0.1 4509/24975 

Freeman, L.K., Szumigala, D.J., Werdon, M.B,, and Blessington, M.J., 2012, Geochemical trace- 
element and rare-earth element data from rock, stream-sediment, and pan-concentrate samples 
collected in 2011 in the Melozitna mining district, Xanana and Melozitna quadrangles, interior 
Alaska: Alaska Division of Geological & Geophysical Surveys Raw Data File 2012-3, 3 p., digital 
report, doi: 10. 14509/23863 

Werdon, M.B., Gallagher, P.E., and Blessington, M.J., 2012, Geochemical, major-oxide, minor- 
oxide, trace-element, and rare-earth-element data from rock, stream sediment, and pan-concentrate 
samples collected in 2011 in the William Henry Bay area, Juneau C-4 and D-4 quadrangles, 
Southeast Alaska: Alaska Division of Geological & Geophysical Surveys Raw Data File 2012-2, 2 
p., digital report. doi: 10. 14509/23843 

Bachmann, E.N., Blessington, M.J., Freeman, L.K., Newberry, R.J., Tuzzolino, A.L., Wright, T.C., 
and Wylie, William, 2013, Geochemical major-oxide, minor-oxide, trace-element, and rare-earth- 
element data from rocks and stream sediments collected in 2012 in the Ray Mountains area. 
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Beaver, Betties, Livengood, and Tanana quadrangles, Alaska: Alaska Division of Geological & 
Geophysical Surveys Raw Data File 2013-5, 4 p. doi: 1 0.14509/25386 
Tvvelker, Evan, Bachmann, E.N., Freeman, L.K., Newberry, R.J., Reioux, D.A., Sicard. K.R., 
Tuzzolino, A.L., Wright, T.C,, and Wypych, Alicja, 2014, Major-oxide, minor-oxide, and trace- 
element geochemical data from rocks and stream sediments in the Wrangellia mineral assessment 
area, Gulkana, Mealy, Mount Hayes, and Talkeetna Mountains quadrangles, Alaska: Alaska 
Division of Geological & Geophysical Surveys Raw Data File 2014-3, 6 p. doi: 10. 14509/27181 
Tuzzolino, A.L,, Freeman, L.K., and Newberry, R.J., 2014, Geochemical major-oxide, minor-oxide, 
trace-element, and rare-earth-element data from rock samples collected in 2013 in the Ray 
Mountains area, Betties A- 1 and A-6 quadrangles, Alaska: Alaska Division of Geological & 
Geophysical Surveys Raw Data File 2014-17, 3 p, doi: 1 0.14509/27325 
Wypych, Alicja, Twelker, Evan, Freeman, L.K., l,ande, Lauren, Newberry, R.J,, Reioux, D.A., and 
Sicard, K.R., 2014, Major-oxide and trace-element geochemical data from rocks collected in 2014 
in the Wrangellia mineral assessment area, Talkeetna Mountains C-4, C-3, and B-4 quadrangles, 
Alaska: Alaska Division of Geological & Geophysical Surveys Raw Data File 2014-22, 4 p. 
doi: 1 0,1 4509/29 1 40 

11 Publications on Re-analyses of Historical Geochemical Samples 

Blessington, M.J,, Reioux, D.A., and Werdon, M.B., 2013, Analyses of historic U.S. Bureau of 
Mines rock and heavy mineral concentrate samples for geochemical trace-element and rare-earth 
element data-Ray Mountains and Kanuti-Hodzana uplands area, Alaska: Alaska Division of 
Geological & Geophysical Surveys Raw Data File 2013-7, 2 p. doi: 10. 14509/25581 
Werdon, M.B., and Blessington, M..i,, 2014, Analyses of historic U.S. Bureau of Mines samples for 
geochemical trace-element and rare-earth-element data from the VABM Bend area, Charley River 
and Eagle quadrangles, east-central Alaska: Alaska Division of Geological & Geophysical 
Surveys Raw Data File 2014-14, 4 p. doi: IO.I4S09.''27299 
Werdon, M.B„ and Blessington, M.J., 2014, Analyses of historic U.S. Bureau of Mines samples for 
geochemical trace-element and rare-earth-element data from the Circle mining district, western 
Crazy Mountains, and the Lime Peak area of the White Mountains, Circle Quadrangle, east- 
central Alaska: Alaska Division of Geological & Geophysical Surveys Raw Data File 2014-7, 4 p, 
doi: 1 0.1 4509/27292 

Werdon, M.B., and Blessington, M.J., 2014, Analyses of historic U.S. Bureau of Mines samples for 
geochemical trace-element and rare-earth-element data from the Darby Mountains, Seward 
Peninsula, Alaska: Alaska Division of Geological & Geophysical Surveys Raw Data File 2014-9, 
4 p. doi: 10. 1 4509,-27294 

Werdon, M.B,, and Blessington, M.J., 2014. Analyses of historic U.S. Bureau of Mines samples for 
geochemical trace-element and rare-earth-element data from the Zane Hills pluton, northwesteni 
Alaska: Alaska Division of Geological & Geophysical Surveys Raw Data File 2014-11. 4 p. 
doi: 10, 1 4509.27296 

Werdon, M.B„ and Blessington, M.J,, 2014, Analyses of historic U.S. Bureau of Mines sample.s for 
geochemical trace-element and rare-earth-element data from tin occurrences associated with the 
Ohio Creek pluton, south-central Alaska: Alaska Division of Geological & Geophysical Surveys 
Raw Data File 2014-8, 4 p. doi: 1 0.1 4509/27293 

Werdon, M.B., and Blessington, M.J., 2014, Analyses of historic U.S. Bureau of Mines samples for 
geochemical trace-element and rare-earth-elcment data from the Ray River watershed, and Kanuti 
and Hodzana rivers uplands, central Alaska: Alaska Division of Geological & Geophysical 
Surveys Raw Data File 2014-12, 4 p, doi: 1 0.1 450927297 
Werdon, M.B., and Blessington, M.J., 2014, Analyses of historic U.S. Bureau of Mines samples for 
geochemical trace-element and rare-earth-element data from the Porcupine River drainage, 
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northeastern Alaska: Alaska Division of Geological & Geophysical Surveys Raw Data File 2014- 
13, 4 p. doi: l 0.1 4509/27298 

Werdon, M.B., and Blessington, M.J,, 2014, Analyses of historic U.S. Bureau of Mines samples for 
geochemical trace-element and rare-earth-element data from the Selawik Hills, northwestern 
Alaska: Alaska Division of Geological & Geophysical Surveys Raw Data File 2014-10, 4 p. 
doi: 1 0.1 4509/27295 

Werdon, M.B., and Blessington, M.J., 2014, Analyses of historic U.S. Bureau of Mines samples for 
geochemical trace-element and rare-earth-element data from Kook Lake, Sitka Quadrangle, 
Alaska: Alaska Division of Geological & Geophysical Surveys Raw Data File 2014-15, 4 p. 
doi: 10. 14509/27300 

Werdon, M.B., Azain, J.S., and Granitto, Matthew, 2014, Reanalysis of historical U.S. Geological 
Survey sediment samples for geochemical data from the western part of the Wrangell ia terrane. 
Anchorage, Gulkana, Healy, Mt. Hayes, Nabesna, and Talkeetna Mountains quadrangles, Alaska: 
Alaska Division of Geological & Geophysical Surveys Raw Data File 2014-5, 6 p. 
doi: 10. 1 4509/27287 

20 Publications in Progress 

Emond, A.M., and others, planned for release in 2016, Fixed-wing aeromagnetic survey of the 
Tanacross region, eastern Interior, Alaska: Alaska Division of Geological & Geophysical Surveys 
Geophysical Report. 

Tu7.zolino, A., 2015, Evaluation of the Fort Hamlin Hills rare-earth-element potential: University of 
Alaska Master’s thesis funded by the Alaska Division of Geological & Geophysical Surveys. 

Twelker, B., and others, 2015, Geologic mp of the Talkeetna Mountains C-4 quadrangle, Central 
Alaska: Alaska Division of Geological & Geophysical Surveys Preliminary Interpretive Report 
2015-XX, 1 sheet, scale 1:50,000. 

Twelker, E., and others, 2015, Geologic map of the Talkeetna Mountains C-4 quadrangle. Central 
Alaska: Alaska Division of Geological & Geophysical Surveys Report of Investigations 2015-XX, 
1 sheet, scale 1:50,000. 

Twelker, E., and others, 2015, Geologic map of the Wrangellia Terrane, Central Alaska: Alaska 
Division of Geological & Geophysical Surveys Report of Investigations 2015-XX, scale 
1 : 100 , 000 . 

Freeman, L.F., and others, 2015, Placer grade evaluations for rare-earth elements in the Ray 
Mountains area, central Interior, Alaska: Alaska Division of Geological & Geophysical Surveys 
Raw Data File 2015-XX. 

Twelker, E., and others, 2015, Major-oxide, minor-oxide, and trace-element geochemical data from 
rocks and stream sediments in the Wrangellia mineral assessment area, Gulkana, Healy, Mount 
Hayes, and Talkeetna Mountains quadrangles, Alaska: Alaska Division of Geological & 
Geophysical Surveys Raw Data File 201 5-XX. 

Sicard, K., and others, 2015, Major-oxide, minor-oxide, and trace-element geochemical data from 
rocks and stream sediments in the Tok mineral assessment area, Tanacross and Nabesna 
quadrangles, Alaska: Alaska Division of Geological & Geophysical Surveys Raw Data File 2015- 
XX. 

Werdon, M.B., Graham, G,.R.C,, and Emond, A.M., 2015, Magnetic susceptibility physical-property 
measurements for rocks in the DGGS Tonsina geophysical survey area, south-central Alaska: 
Alaska Division of Geological & Geophysical Surveys Raw Data File 201 5-XX. 

Werdon, M.B., Graham, G..R.C., and Emond, A.M., 2015, Major-oxide, minor-oxide, and trace- 
element geochemical data from rocks in the DGGS Tonsina geophysical survey area, south-central 
Alaska: Alaska Division of Geological & Geophysical Surveys Raw Data File 201 5-XX. 
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Werdon, M.B., Granitto, M., and Azain, J.S., 2015, Analyses of historic U.S. Geological Survey 
sediment samples for geochemical data from the Tonsina area, Valdez quadrangle, Alaska: Alaska 
Division of Geological & Geophysical Surveys Raw Data File 2015-XX, XX p. 

Werdon, M.B., Granitto, M,, and Azain, J.S,, 2015, Analyses of historic U.S. Geological Survey 
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Werdon, M.B., Granitto, M., and Azain, J.S., 2015, Analyses of historic U.S. Geological Survey 
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Geophysical Surveys Raw Data File 2015-XX, XX p, 

Werdon, M.B., Granitto, M., and Azain, J.S., 2015, Analyses of historic U.S, Geological Survey 
sediment samples for geochemical data from the Delta VMS district and Tok area, XX 
quadrangle, Alaska: Alaska Division of Geological & Geophysical Surveys Raw Data File 2015- 
XX, XX p. 

Werdon, M.B., Granitto, M., and Azain, J.S., 2015, Analyses of historic U.S. Geological Survey 
sediment samples for geochemical data from the Haines area, Skagway and XX quadrangles, 
Alaska: Alaska Division of Geological & Geophysical Surveys Raw Data File 2015-XX, XX p. 

Werdon, M.B., Granitto, M., and Azain, J.S., 2015, Analyses of historic U,S, Geological Survey 
sediment samples for geochemical data from the Hogatza River-Zane Hills area, XX and XX 
quadrangles, Alaska: Alaska Division of Geological & Geophysical Surveys Raw Data File 2015- 
XX, XX p, 

Blessington, M.J,, and Werdon, M,B., 2015, Digital compilation of historical geochemical sample 
analyses from rare-earth-element sites in Alaska: Alaska Division of Geological & Geophysical 
Surveys Raw Data File 201 5-XX, XX p, 

Reioux, D,A., and Werdon, M.B,, 2015, Digital compilation of historical geochemical sample 
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The Chairman. Thank you, Commissioner Fogels. 

Vice Admiral Cosgriff, welcome. 

STATEMENT OF VICE ADMIRAL KEVIN J. COSGRIFF, USN, RE- 
TIRED, PRESIDENT AND CEO, NATIONAL ELECTRICAL MAN- 
UFACTURERS ASSOCIATION 

Admiral CoSGRiFF. Thank you, Chairman Murkowski, Ranking 
Member Cantwell, members of the Committee. 

I’m Kevin Cosgriff. I’m the President and CEO of the National 
Electrical Manufacturers Association. We represent some 400 elec- 
trical equipment and medical imaging technology companies across 
the United States, Canada and Mexico. Our combined industries 
account for more than 400,000 American jobs, some 7,000 facilities 
across the U.S. and domestic production that exceeds $117 billion 
per year. 

We’d like to think that our industry is at the very forefront of 
producing safe, reliable, resilient and efficient electrical energy, 
useable by customers and consumers at all levels. 

So we’d like to thank you for the opportunity to provide com- 
ments in support of Senate 883, the American Mineral Security 
Act. 

Challenging supply conditions and corresponding volatile prices 
of basic mineral inputs can, as you imagine, have significant chal- 
lenge effects for the U.S. electro-industry, as we call our companies, 
including in sectors such as lighting, electric motors, energy stor- 
age, superconducting materials and medical imaging. Likewise 
risks exist in closely related electric intensive businesses including 
wind and solar electricity generation and things like hybrid and 
electric vehicles. 

Importantly, while in many cases only small amounts of specific 
mineral or mineral derivatives may be present in a manufactured 
component, its presence may be the key performance variable and 
in some cases the key efficiency variable as in lighting. 

When NEMA surveyed our member companies several years ago 
about the importance of minerals to their products, the results 
were insightful. In addition to well known usage in electro-industry 
of elements such as copper, tin, increasingly lithium, we found that 
many of the so-called rare earth elements are being used by our 
companies in products they manufacture or have under develop- 
ment for the market. 

For example, fluorescent and solid state lighting, highly efficient 
permanent magnet electric motors and magnetic resonance imaging 
units utilize these materials. 

Consequently we find the approach taken in S. 883 contributory 
to improving the prospects that the U.S. electro-industry companies 
will have access to the minerals and the related information they’ll 
need to be globally competitive in the future. And I would add to 
that in addition, the value of having qualified and work ready indi- 
viduals to work in these industries. 

At the end of the day for us this legislation is about the Govern- 
ment enabling U.S. manufacturers to compete fairly into the future 
because it will have access to the information, the minerals and the 
other resources it needs to conduct its business. 
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So, thank you again for this opportunity to provide these brief re- 
marks in support of the American Mineral Security Act. I look for- 
ward to working with the Committee in the days ahead as you 
move this bill forward. 

Thank you. 

[The prepared statement of Admiral Cosgriff follows:] 



35 



The Association of Electrical Equipment 
anti Metiical Imaijino Manufacturers 
WWW. ncma.orij 


Prepared Testimony of 
Kevin J. Cosgriff 
President and CEO 

National Electrical Manufacturers Association (NEMA) 

Hearing on S. 883, American Mineral Security Act 
Senate Committee on Energy and Natural Resources 
May 12,2015 

Chairman Murkowski and Ranking Member Cantwell, 

Thank you for the opportunity to provide the following remarks on behalf of the National 
Electrical Manufacturers Association (NEMA) on the legislation being considered today by the 
Committee on Energy and Natural Resources: The American Mineral Security Act (S. 883). 

NEMA represents nearly 400 electrical equipment and medical imaging technology manufacturers. 
Our combined industries account for more than 400,000 American jobs and more than 7,000 
facilities across the U.S. Domestic production exceeds $1 17 billion per year. Our industry is at the 
forefront on electrical safety, reliability, resilience, efficiency, and energy security. 

In general, NEMA supports policies that provide greater assurance to U.S. electroindustry 
companies of stable, continuous and affordable supplies of inputs for domestic manufacturing, We 
also support legislation, regulations and resulting processes (e.g., permitting) that are at the 
minimum essential, transparent, easily understood and quickly accomplished. Specifically, NEMA 
welcomes and supports the American Mineral Security Act as a multifaceted strategy to modernize 
U.S. federal policy on mineral resources, information, research and know-how, 

Challenging supply conditions and volatile prices of basic mineral inputs can be a significant threat 
to U.S. electroindustry companies, including in sectors such as lighting, electric motors, energy 
storage, superconducting materials, and medical imaging, as well as closely related industries 
including wind and solar electricity generation and hybrid/eiectric vehicles. The coraplele scale of 
challenges remains unclear since these materials are used in various stages of numerous product 
supply chains. However, while in many ca.ses only small amounts of a specific mineral or mineral 
derivative may be present in a piece of manufactured equipment, its presence can be critical to 
performance of that equipment. 

When our organization surveyed our member companies several years ago about the importance of 
minerals to their products, the results, as you might expect, were profound. In addition to the well - 
known usage in the electroindustry of elements such as copper, tin, and lithium, we found that 
many of the so-called rare earth elements are being used by our companies in products they now 
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manufacture or are developing for the market. As I mentioned, some examples are products such 
as fluorescent and solid-state lighting, highly efficient permanent-magnet electric motors, and 
Magnetic Resonance Imaging (MRI) units manufactured by our member companies. 
Unfortunately, the dominant supply of these raw or processed rare earths today lies outside the 
U.S. in one country: China. 

U.S. dependence on China for rare earths is well documented by the U.S. Geological Survey, but 
our industries’ usage of minerals goes well beyond rare earths. At the end of the day, the issue we 
are discussing today is about whether and what U.S. electroindustry companies will be able to 
manufacture and where they will be able to manufacture it. 

Dr. Steven Duclos of GE testified to a Subcommittee hearing in 201 1 on an earlier version of the 
legislation being considered today. He said, this issue 

is critical to the future well-being of U.S. manufacturing for large and small businesses 
alike. Without development of new supplies and focused research in materials and 
manufacturing. ..supply challenges could undermine efforts to meet the Nation 's future 
needs in energy, health care and transportation. 

This is just as true, if not more so, as we meet today four years later. So 1 hasten to add that we 
find the approach taken in S, 883 is necessary to improve the prospects that U.S. electroindustry 
companies and their workers will have access to the minerals and related information they need to 
be globally competitive into the future. 

First, we welcome the legislation’s approach to updating U.S. policy to the present day by 
including long-range analytical and forecasting capabilities for critical mineral resource supply, 
demand, and other factors and by encouraging Federal agencies to facilitate the availability, 
development, and environmentally responsible production of domestic resources to meet national 
critical material or mineral needs. The new policy also helpfully provides direction and motivation 
to government regulators to coordinate their work and minimize delays in the administration of 
laws, regulations, permits and authorizations necessary for mining and mineral manufacturing 
facilities. 

Current policy is further enhanced with provisions on strengthening educational and research 
capabilities and workforce training, bolstering international cooperation on technology and 
information, promoting efficient production . use and recycling of critical minerals, and 
establishing contingencies for access to critical minerals for which viable sources do not exist in 
the U.S. 

Second, the legislation requires the Interior Department, with help from the public, to establish and 
regularly use a methodology to determine which minerals are most critical to U.S. economic and 
governmental activities. The two major factors in these assessments are to be the potential for 
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mineral supply restrictions and the importance of the mineral to industrial applications, including 
many of direct interest to NEMA; energy technology-, defense-, consumer electronics-, and health 
care. Each mineral designated as critical will be assessed as to its domestic resource base and 
current accessibility and availability. This information is an important factor for manufacturers as 
they plan for future innovation, product design and development, and manufacturing. 

To state the obvious, it is important to note that just as enterprises do not engage in extraction or 
processing of mineral resources if they believe there is no market demand, a firm will not design 
and plan to manufacture a product without some reasonable assurance that the inputs necessary 
will be available to ensure predictable production at a reasonable cost. 

Our lighting manufacturers have first-hand experience with another type of predictability; federal 
minimum energy efficiency standards and the limited availability of manufacturing inputs needed 
for products to meet those standards. To briefly summarize, in 201 2 U.S. manufacturers of certain 
fluorescent tube lamps had to successfully petition the U.S. Department of Energy (DOE) for a 
two-year delay in new minimum lumens-per-watt levels due to the lack of adequate domestic 
supply of heavy-rare-earth-oxide-fortified phosphors needed to produce light so efficaciously. 

Third, S. 883 would require appropriate agencies to improve the quality and timeliness of their 
decisions regarding permitting and review processes for mining of critical minerals on federal 
lands. Moreover, the Small Business Administration would be required to review and assess 
regulations pertaining to critical minerals industries. Finally, domestic critical mineral mining and 
manufacturing projects would be included within the scope of Executive Order 13604, which 
promotes timely, transparent, consistent and predictable federal permitting and review processes 
for infrastructure projects. 

Fourth, the American Mineral Security Act would authorize and direct work already underway 
through DOE on research and development in three important areas: reclamation and recycling of 
critical minerals in end-of-lite electrical and electronic equipment; more efficient use of critical 
minerals; and possible alternative materials that would lessen the need for critical minerals. 
Fortunately, the DOE activities are already focused on a couple of issues identified by the lighting 
and electric motor industries 1 mentioned earlier, but further work will be needed in other areas as 
well. 

Fifth, the legislation highlights the importance of information and forecasting regarding critical 
minerals availability. In summary, the bill requires USGS to annually update the public, including 
manufacturing companies, via a comprehensive review and a comprehensive forecast of critical 
mineral production, consumption, and recycling patterns. These assessments would include not 
only a calculation of critical mineral requirements to meet U.S. national security, energy, 
economic, industrial and technological needs, but also of the degree to which the U.S. is reliant on 
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foreign sources of critical minerals to meet those needs and of the implications of any supply 
disruptions. 

Finally, S. 883 takes several steps to promote development of the future U.S. critical minerals 
workforce. Our companies cannot be competitive if they cannot employ skilled and trained 
individuals to handle the multi-faceted process of transforming raw materials into products that 
help define and improve our way of life. 

At the end of the day, for us this legislation is about the government enabling U.S. manufacturing 
to compete fairly into the future because it will have access to the information, mineral, and other 
resources needed to do business. 

In closing, we find that the American Mineral Security Act takes a broad but measured and 
reasonable approach to updating and reinvigorating U.S. federal law and policy related to minerals 
that are most important for NEMA manufacturers. 

Thank you again for the opportunity to provide these brief remarks in support of S. 883, the 
American Mineral Security Act, We look forward to working with you to achieve passage by the 
Committee and the full Senate as soon as possible. 
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The Chairman. Thank you, Admiral. 

Mr. Conger, welcome. 

STATEMENT OF HARRY “RED” CONGER, PRESIDENT, 
FREEPORT-MCMORAN AMERICAS 

Mr. Conger. Thank you. Chairwoman Murkowski, members of 
the Committee. 

My name is Red Conger. I’m President of Freeport-McMoRan 
Americas. I’m testifying today on behalf of the National Mining As- 
sociation. NMA is the national trade association representing the 
producers of most of the nation’s coal, metals, industrial and agri- 
cultural minerals, manufacturers of mining and mineral processing 
machinery, equipment and supplies as well as engineering and con- 
sulting firms, financial institutions and other firms serving the 
mining industry. 

Today I’m testifying in support of S. 883, the American Mineral 
Security Act of 2015. I want to thank Chairwoman Murkowski for 
her leadership in introducing legislation to address a key obstacle 
for the country’s economic growth and global competitiveness. A 
slow and inefficient permitting process for mines that produce the 
minerals essential for our basic industries, technology, national de- 
fense and the products made here in America. 

Freeport-McMoRan’s U.S. employees include 8,500 workers in 
Arizona, 1,600 in New Mexico and 950 in Colorado. They produce 
copper, mendelevium and those things that allow Americans to 
drive safer cars on better roads and bridges, use laptops and smart 
phones and generally enjoy a high quality of life. 

Continued growth and demand for minerals and metals is key as 
we see global population growth, rapid industrialization and urban- 
ization in the developing world and a rising global middle class are 
all driving demand for metals. Most of this growth will occur in the 
developing world where per capita consumption rates of energy and 
mineral commodities are just a fraction of what they are in the de- 
veloped countries. Demand for minerals is also increasing as new 
frontier technologies require a wider range of minerals and mate- 
rials. 

For example, a modern computer chip contains more than half 
the elements in the Periodic Table. And even though they may be 
present in various small amounts, each is essential to function and 
the performance of that chip. 

All of these trends point to sustained growth and global demand 
and increased competition for mineral resources. As the resource 
competition grows fiercer, stable and reliable mineral supply chains 
will become more critical here in the United States. Mining’s con- 
tribution to sustainable economic growth is important in recog- 
nizing the connection between minerals and economic growth and 
have developed strategies to ensure access to the minerals that 
form the building blocks of their economies and help them compete 
globally. 

The European Union’s Raw Materials Initiative is designed to 
ensure a sustainable supply of raw materials. A balanced policy 
incentivizes and removes obstacles to new mining activities to sup- 
port the availability of the metals and minerals for the European 
economy. As the world’s largest consumer of many mineral com- 
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modities including copper, zinc and iron ore, China is giving special 
attention to its resource security by making global investments to 
ensure access to supply. 

When we turn to the U.S. however, we see a lack of urgency. The 
U.S. is blessed with a world-class mineral resource base with an es- 
timated value of $6.2 trillion. According to the U.S. Geological Sur- 
vey when it comes to copper, silver, zinc and other key mineral 
commodities what is left to be discovered in the U.S. is almost as 
much as what has already been found. 

Frankly I’m even more optimistic than the USGS. My experience 
over my 38-year career suggests we will exceed the USGS pre- 
dictions in discovering those minerals here at home. 

However since the Mining and Minerals Policy Act of 1970, the 
U.S. has struggled with establishing effective policies to foster and 
encourage private enterprise and the development of economically 
sound and stable domestic mining minerals, metals and mineral 
reclamation industries. The lack of enabling domestic policies car- 
ries consequences for the competitiveness of downstream industries 
that depend upon reliable supply chains. Our nation’s import de- 
pendence for key mineral commodities has doubled over the past 
two decades. 

Much of our domestic mineral resources remain locked beneath 
our feet by an outdated and inefficient mining permitting system 
plagued by unnecessary delays and redundancies at the local, state 
and Federal levels. NMA urges Congress to work together on ena- 
bling policies that ensure timely and responsible access to U.S. 
mineral and metal resources. If we do not and become increasingly 
marginalized as a supplier of these essential resources, the con- 
sequences are severe for our nation’s global competitiveness. 

Thank you for the opportunity to testify today. 

[The prepared statement of Mr. Conger follows:] 
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Good morning. My name is Red Conger and I am president of Freeport McMoRan 
Americas. I am testifying today on behalf of the National Mining Association (NMA). 
NMA is the national trade association representing the producers of most of the nation’s 
coal, metals, industrial and agricultural minerals; manufacturers of mining and mineral 
processing machinery, equipment and supplies: and engineering and consulting firms, 
financial institutions and other firms serving the mining industry. 

Today I am testifying in support of on S. 883, the American Mineral Security Act of 
2015. I want to thank Senator Murkowski for her leadership in introducing legislation, to 
address a key obstacle for the country’s economic growth and global competitiveness - 
a slow and inefficient permitting process for the mines that produce the minerals 
essential for our basic industries, technology, national defense and the products made 
here in America. 

The copper and molybdenum Freeport-McMoRan’s U.S. employees, including 8.500 
workers in Arizona, 1,600 in New Mexico and 950 in Colorado, produce allows 
Americans to drive safer cars on better roads and bridges, use laptops and smart 
phones and generally enjoy a high quality of life. 

Continued Growth in Demand for Metals and Minerals 

Global population growth, rapid industrialization and urbanization in the developing 
world and a rising global middle class are all driving demand for metals minerals and 
raw materials. Global population is projected to increase to 10.9 billion by 2100, an 
increase of more than 50% from 2013.’ Most of this growth will occur in the developing 
world where per capita consumption rates of energy and mineral commodities are just a 
fraction of the developed countries. 

Demand for minerals is also increasing as new frontier technologies require a wider 
range of minerals and materials. For example, a modern computer chip contains more 


United Nations World Population Prospects: The 2012 Revision, Volume I: Comprehensive Tables" (UN 
Department of Economic and Social Affairs, Population Division 2013). 
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than half of the elements in the periodic table and even though they may be present in 
very small amounts, each is essential to function and performance.^ 

All of these trends point to sustained growth in global demand and increased 
competition for mineral resources. As resource competition grows fiercer, stable and 
reliable mineral supply chains will become more critical to sustain economic growth and 
balance of trade in the developed and emerging economies. 

Mining’s Contribution to Sustainable Economic Growth 

U.S. mining’s contribution to our economy and society is significant. The value added by 
major industries that consume the $78 billion of minerals produced in the U.S. is an 
estimated $2.5 trillion (2014), or 14 percent of our GDP. Mining’s direct and indirect 
economic contribution includes nearly 2 million jobs with wage and benefits well above 
the state average for the industrial sector. In addition, domestic mining generates $46 
billion in tax payments to federal, state and local governments. 

Countries around the world have increasingly recognized the connection between 
minerals and economic growth and have developed strategies to ensure access to the 
minerals that form the building blocks of their economies and help them compete 
globally. The European Union’s (EU) "Raw Materials Initiative," is designed to ensure a 
sustainable supply of raw materials to increase European industrial competitiveness. As 
part of that initiative, the EU maintains and routinely updates a list of critical raw 
materials, which includes various minerals and metals, while duly emphasizing that 
even those minerals not “classified” as critical must not be neglected,^ A balanced 
policy incentivizes and removes obstacles to new mining activities to support the 
availability of the metals and minerals for the European economy. 

As the world’s largest consumer of many mineral commodities, including copper, zinc 
and iron ore, China is giving special attention to its “resource security” by making global 
investments to ensure access to supply. China’s “go global” strategy includes 
investment of $390 billion in outbound direct investments in the mining sector.” 


^ T. E. Graedel, E. M. Harper, N, T. Nassar, and Barbara K. Reck; On the Materials Basis of Modern 
Society, School of Forestry and Environmental Studies. Center for Industrial Ecology, Yale University, 
October 2013. 

^ 2014 Communication from the Commission to the European Parliament, the Council, the European 
Economic and Social Committee and the Committee of the Regions, On the review of the list of critical 
raw materials for the EU and the implementation of the Raw Materials Initiative (available at 
http://ec.euroP3.eu/enterprise/policies/raw-materials/files/docs/crm-communication en.pdf l 

* Congressional Research Service, China’s Mineral Industry and U.S. Access to Strategic and Critical 
Minerals: Issues for Congress, March 20, 201 5 (available at httD://fas.ora/sop/crs/row/R43864.pdf ). 
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U.S. Policy Fails to Capitalize on Abundant Domestic Mineral Resources 

The U.S. is blessed with a world class mineral resource base with an estimated value of 
$6.2 trillion. The U.S. remains highly prospective, from a geological point of view, with 
an abundant and diverse mineral potential. According to the U.S. Geological Survey, 
when it comes to copper, silver, zinc and other key mineral commodities, what is left to 
be discovered in the U.S., is almost as much as what has already been found. ^ Frankly, 
I am even more optimistic than the USGS. My experience over my 38 year career 
suggests we will exceed the USGS prediction. Moreover, with continuing and never 
ending advances in science and technology, miners in the U.S. exemplify best practices 
with respect to productivity, sustainability and safety.® 

Since the Mining and Minerals Policy Act of 1970, the U.S. has struggled with 
establishing effective policies to “foster and encourage private enterprise in the 
development of economically sound and stable domestic mining, minerals, metal and 
mineral reclamation industries.” Most of the laws do little more than provide aspirational 
policy statements without furnishing specific measures to support and sustain a healthy 
domestic mining industry needed for our nation to meet the realities of the 21®* Century. 

The lack of enabling domestic policies carries consequences for the competitiveness of 
downstream industries that depend upon reliable supply chains. Our nation’s import 
dependence for key mineral commodities has doubled over the past two decades. 

Today we are import dependent for 19 key mineral resources and more than 50 percent 
import dependent for an additional 24 mineral commodities. Less than half of the 
mineral needs of U.S. manufacturing are met from domestically mined resources. Our 
growing dependence on imports leaves many key domestic industries unnecessarily 
vulnerable to disruptions from extended, complex and fragile supply chains. 

These alarming trends reveal a growing and unnecessary structural mismatch between 
domestic mineral supply and demand. The U.S. position as the world’s premier 
manufacturing nation could suffer if the U.S. mining industry is not allowed to perform to 
its full potential and supply more of the minerals needed to sustain growing 
manufacturing demand. As the Rand Corporation has warned, this mismatch hinders 
international competiveness of U.S. manufacturing and creates pressures to move 
manufacturing away from the U.S. and into other countries where they can more easily 
access the minerals they need,^ 

We also see a mismatch, or gap, in policies intended to strengthen the global 
competitiveness of our nation’s industrial base. There are many executive orders and 
legislative policies directed at providing a more efficient and accountable regulatory 


® USGS, Geology and Nonfuel Mineral Deposits of the United States, Open Fite Rep, 2005-1294A p 64 
(2005). 

^ SNL Metals & Mining, U.S. Mines to Market, p. 4 (2014). 

^ Silberglitt, Bartis, Chow, et. al., Critical Materials: Present Danger to U.S. Manufacturing. Santa Monica, 
CA: RAND Corporation. 2013. (Available at http://www.rand.orq/Dubs/research reDorts/RR133) . 
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framework for manufacturing, infrastructure and energy. However, they often omit the 
mining sector which supplies the resources necessary for these industries to succeed. 

S. 883 is a good step in filling the policy gap by addressing several obstacles to U.S. 
mining meeting more of the domestic demand for metals and minerals. 

Permitting Delays Pose a Major Obstacle to U.S. Mining 

An outdated, inefficient permitting system presents a major barrier to the domestic 
mining sector’s ability to perform to its full potential. The U.S. has one of the longest 
permitting processes in the world for mining projects. In the U.S., necessary 
government authorizations now take approximately seven to 10 years to secure, placing 
the U.S. at a competitive disadvantage in attracting investment for mineral development. 

This is not a new problem, but it is getting worse. It has been well-documented by as 
the most significant risk to mining projects by the National Academy of Sciences, the 
Departments of Energy and Department of Defense.® Moreover, a recent NMA survey 
of C-suite manufacturing executives found 95 percent of executives surveyed are 
worried that the lag in the permitting process for new mines has a serious impact on 
their competitiveness. 

Shortly, NMA will release a study assessing the costs associated with permitting delays. 
On average a mine would lose a third of its value as it waits for the numerous permits 
needed to begin production, and the longer the wait the greater the chance the mine will 
no longer be worth the investment. In short, lengthy delays in permit reviews 
compromise the commercial viability of mining projects by increasing costs, reducing 
the net present value of investments and impairing financing. The efficiency and 
predictability of the permitting process matters in decisions about where to invest. 

The current permitting process is plagued by uncertainties and delays arising from 
duplication among federal and state agencies, the absence of firm timelines for 
completing environmental assessments and failures in coordination of responsibilities 
between various agencies. To be clear, valid concerns about environmental protection 
should be fully considered and addressed. At the same time, they should not serve as 
an excuse to trap mining projects in a limbo of duplicative, unpredictable and endless 
review without a decision point. No one should confuse the length of the process with 
the rigor of review. 

Looking to our northern neighbor of Canada, we find a nation that shares our core 
principles of responsible resource development and adept at implementing an efficient 
permitting system that strives for completing permitting within a two-year period. 

Several of the best practices in place include: 

• Deadlines early in the process for determining the type and scope environmental 
assessments; 


® National Resources Council, Hardrock Mining on Federal Lands, p. 54 (1 999); US, Dept, of Energy, 
Critical Materials Strategy, p, 1 04-05 (201 0). 


5 



46 


• Specific timelines for completing those environmental assessments; 

• Legally binding deadlines for key regulatory permits; 

• Enhanced coordination and consolidation of responsibilities for provincial and 
federal agencies reviewring projects; and 

• Allow/ing provincial environmental assessments to substitute for federal 
assessments in order to eliminate duplication. 

These are best practices w/e should strive to introduce more widely into our permitting 
system. We are in global competition for mining investment, and Canada realizes that 
an efficient permitting system can provide a competitive advantage. S. 883 is a step 
forward in bringing the US in line with its global peers who are preparing to meet the 
21®' century challenges of mineral supply chain reliability and security. 

Conclusion 

Much of our domestic mineral resources remain locked beneath our feet by an outdated 
and inefficient mining permitting system plagued by unnecessary delays and 
redundancies at the local, state and federal levels. To unlock this vast potential for the 
benefit of downstream industries, NMA urges Congress to work together on enabling 
policies that ensure timely and responsible access to U.S. mineral and metal resources. 
If we do not, and become increasingly marginalized as a supplier of these essential 
resources, the consequences are severe for our nation’s global competitiveness. 

Thank you for the opportunity to testify today. 
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The Chairman. Thank you, Mr. Conger. 

Finally Dr. Silberglitt, welcome. 

STATEMENT OF DR. RICHARD SILBERGLITT, SENIOR 
PHYSICAL SCIENTIST, RAND CORPORATION 

Dr. Silberglitt. Chairman Murkowski, Ranking Member Cant- 
well and distinguished members of the Committee, thank you for 
inviting me to testify this morning. My remarks will be based on 
a 2013 RAND study for the National Intelligence Council. 

I’d like first to define critical material. Although the United 
States has extensive mineral resources and is a leading global ma- 
terials producer, we depend on imports for many materials that are 
critical inputs to manufacturing. The United States Geological Sur- 
vey Minerals Commodity Summary reports that more than 20 ma- 
terials that are critical inputs to U.S. manufacturing are imported, 
most at a level greater than 50 percent. These are the critical ma- 
terials to which I refer. 

Many of these critical materials are imported from countries that 
dominate mining and processing, often with greater than 50 per- 
cent of global production. Such cases U.S. manufacturers are vul- 
nerable to export restrictions that limit their access to these mate- 
rials and that can result in two tier pricing in which manufacturers 
in the exporting country has access to materials at lower prices 
than those charged for exports. This damage is the international 
competitiveness of U.S. manufacturers and creates pressure to 
move manufacturing away from the U.S. and into the producing 
country. 

The dominant producer of greatest concern is China with more 
than 50 percent of global production of 11 different critical mate- 
rials. China built its dominant position with a large resource base, 
a long term emphasis on mineral production and the ability to 
produce raw materials at a lower cost because of its lax environ- 
mental and occupational standards. 

China was once viewed as a reliable, low cost materials supplier. 
However, in the past decade China ramped up export restrictions 
that resulted in distorted markets for these materials placing our 
manufacturers into an uneven global competition with Chinese 
manufacturers who had access to critical materials at lower prices. 

The United States and its allies successfully challenged these 
policies before the World Trade Organization. After exhausting all 
allowed time to comply, China finally eliminated export quotas and 
some export duties. While this is welcome, it remains to be seen 
whether China will find other ways to provide its manufacturers 
with competitive advantages based on its position as a dominant 
producers. 

What can be done to mitigate these critical materials risks? 

The RAND report recommended two types of actions. Those that 
can increase resiliency to supply disruptions or market distortions 
and those that can provide early warning of developing problems 
with concentration of production. 

Concerning resiliency the most effective actions will encourage 
the operation of mines in several different countries. Such diver- 
sification is already beginning to take place; however, the uncer- 
tainty created by these highly concentrated markets must be over- 



48 


come by actions at the local, national and regional and global levels 
to create a favorable and sustainable climate for the investments 
and time needed to bring diversified supplies into place. Over the 
long term actions to increase resiliency include the development of 
new and more efficient methods of extraction, processing and man- 
ufacturing, increased recovery from waste and scrap and research 
and development of alternative materials and new product designs. 

Concerning early warning, how might we recognize a developing 
pattern such as an increasing concentration of production, export 
restrictions or two tier pricing before it creates harmful market dis- 
tortions? The benchmarking and market activity with diversified 
commodity markets provides a guide. If a critical materials pro- 
ducer seeks a deal that the United States Department of Justice 
would view in a commodity market as presumed likely to enhance 
market power that should be a red flag. When such situations 
occur international coordination and cooperation could potentially 
prevent them from reaching a level of concern that led to the WTO 
disputes mentioned previously. 

While as an independent and non-partisan organization RAND 
does not take any position on pending legislation. I’d like to note 
the relation some aspects of S. 883 to our recommended actions. 

S. 883 actions and requirements expedite permitting related to 
our recommended action to diversify production. The section on re- 
cycling efficiency and alternatives relates to our recommended ac- 
tions to increase resiliency over the long term. The section on anal- 
ysis and forecasting relates to our recommended action and fore- 
sight of developing problems and could provide the data for the 
type of benchmarking against diversified commodity markets that 
we recommend. 

Thank you for inviting me to testify. This concludes my formal 
remarks. I’d be pleased to answer any questions that you may 
have. 

[The prepared statement of Dr. Silberglitt follows:] 



49 


Testimony 


Critical Materials, U.S. Import Dependence, 
and Recommended Actions 


Richard Siiberglitt 


RAND Office of External Affairs 


CT-432 
May 2015 

Testimony presented before the Senate Energy and Natural Resources Committee on May 12, 201 5 


This product is part of ttie RAND Corporation testimony series. RAND testimonies record testimony presented by RAND associates 
to federal, state, or local legislative committees: government-appointed commissions and panels; and private review and oversight 
bodies. The RAND Corporation is a nonprofit research organization providing objective analysis and effective solutions that address 
the challenges facing the public and private sectors around the world RAND's publications do not necessarily reflect the opinions of 
its research clients and sponsors. RAND® is a registered trademailt. 




50 


Published 2015 by the RAND Corporation 
1776 Main Street, P.O. Box 2138, Santa Monica, CA 90407-2138 
1200 South Hayes Street, Arlington, VA 22202-5050 
4570 Fifth Avenue, Suite 600, Pittsburgh, PA 15213-2665 
RAND URL: http.V/www.rand.org/ 

To order RAND documents or to obtain additional information, contact 
Distribution Services: Telephone: (310) 451-7002; 

Email: order@rand.org 



51 


Richard Silberglitt’ 

The RAND Corporation 

Critical Materials, U.S. Import Dependence, and Recommended Actions^ 

Before the Committee on Energy and Natural Resources 
United States Senate 

May 12, 2015 

Chairwoman Murkowski, Ranking Member Cantwell, and distinguished members of the Senate 
Committee on Energy and Natural Resources, thank you for inviting me to testify at this hearing on S, 
883, the American Mineral Security Act of 2015. My testimony is derived from a 2013 study 
conducted by the RAND Corporation at the request of the National Intelligence Council.^ I have 
divided my comments into four sections. The first explains why a material should be considered as 
critical. The second discusses the concentration of producers of these materials, with a special 
emphasis on China. The third illustrates the current problems faced by U.S. manufacturers through a 
case study of tungsten. Finally, the concluding section suggests possible actions for U.S. federal 
policymakers to consider to help increase resiliency to supply disruptions or market distortions and to 
provide early warning of developing problems concerning the production of critical materials. 

1. Critical Materials 

While the United States has extensive mineral resources and is a leading global materials producer, it 
is dependent on imports for many materials that are critical inputs to manufacturing. The most well- 
known examples are metals of the rare earth family, which are essential to many technologies that we 
rely on for both civilian and defense applications, such as chemical catalysts, lasers, high-power 
magnets, batteries, LEDs, night-vision goggles, and computer hard drives.'* However, U.S. import 
dependence is not limited to rare earths Other important examples include semiconductor materials 
such as indium, gallium, and germanium; antimony, which is a critical component of flame-retardant 


' The opinions and conclusions expressed in this testimony are the author’s alone and should not be interpreted 
as representing those of RAND or any of the sponsors of its research. This product is part of the RAND 
Corporation testimony series. RAND testimonies record testimony presented by RAND associates to federal, 
state, or local legislative committees: government-appointed commissions and panels; and private review and 
oversight bodies. The RAND Corporation is a nonprofit research organization providing objective analysis and 
effective soiutions that address the chaiienges facing the public and private sectors around the world. RAND'S 
publications do not necessarily reflect the opinions of its research clients and sponsors. 

^ This testimony is available for free download at http://www.rand.org/pubs/testimonies/CT432html, 

The final report of that study was published as Richard Silberglitt, James T, Barfis, Brian G. Chow, David L, An, 
and Kyle Brady, Critical Materials: Present Danger to U.S. Manufacturing, Santa Monica, Calif.: RAND 
Corporation. RR-133-NIC, 2013. 

* Definitions of the rare earth family of metals vary slightly. Here we adopt the definitions used by K. A, 
Gschneider Jr., "The Rare Earth Crisis— The Supply/Demand Situation for 201 0-201 5,” Material Matters, Vol. 6, 
No, 2, 2012, pp. 32-37. The metals are Lanthanum, Cerium, Praseodymium, Neodymium, Samarium, Europium, 
Gadolinium, Terbium, Dysprosium, Holmium, Erbium, Thulium, Ytterbium, Lutetium, and Yttrium. 
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plastics and textiles; and tungsten, a critical component in materials used worldwide for drilling, 
cutting, and machining in industries that include mining and construction, oil and gas exploration, 
tools and dies, and the cutting of wood, plastics, and metals. In fact, a high percentage of many 
materials that are critical inputs to U.S. manufacturing are imported.* It Is these materials that I 
address in this testimony. 

The primary concern of the RAND study was that many of these materials are imported from 
countries that have a dominant position in the mining and processing of these materials into the forms 
used to manufacture products. Moreover, in some cases this dominant producer is a country that has 
weak governance or that exercises control over its materials production sector, or both. In such 
cases, U.S, manufacturers are vulnerable to export restrictions that limit their access to these 
materials and that can result in two-tier pricing, in which manufacturers in the exporting country have 
access to materials at lower prices than those charged for exports, thereby hindering the international 
competitiveness of U.S, manufacturers and creating pressure to move manufacturing away from the 
United States and into the producing country. 

These considerations caused the study team to focus its attention on materials that met the following 
three criteria; 

• The dominant producer is outside the United States 

• The United States has appreciable net imports 

• The dominant producer has shortfalls in its quality of governance, as measured by the 
Worldwide Governance Indicators published by the World Bank.® 

2. Concentration of Production 

As a measure of the concentration of production of aitical materials, we used the most commonly 
used measure of the concentration of commodify markets; the Herfindahl-Hirschman Index (HHI), 
which is computed as the sum of the squares of the 50 largest producers. For example, the U.S. 
Department of Justice and the Federal Trade Commission use the HHI to examine antitrust issues 
involving corporate mergers. According to guidelines established by the U.S. Department of Justice, 
an HHI of between 0.15 and 0.25 signals a "moderately concentrated" market, and an HHI above 
0.25 indicates a “highly concentrated market," Under these guidelines and the definition of the HHi, 


* Comprehensive lists of U.S. import percentages are given in U.S. Geological Survey, Minerals Commodity 
Summaries, Pittsburgh, Penn.: U.S. Government Printing Office, 1996-2015, 

* The World Bank, Worldwide Governance Indicators, 2014, As of May 5, 2015: 
hitp://info.worldbank.org/governance/wgi/index.aspx#home 
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whenever a single firm has a market share of over 50 percent, the market would be considered highly 
concentrated/ 

The extension of the above guidelines for market concentration from firms to nations would be exact 
only if all nations exercised government control over their producing firms. However, it is consistent 
with our focus on nations with weak governance or that control production. In these instances, there 
is a strong potential for export restrictions or supply disruptions to affect all producers within a 
country, in which case the government is a surrogate for a company, in that it controls the availability 
of materials to the rest of the world. 

Several nations dominate production of critical materials with a greater than 50-percent market share 
of a single material. However, as illustrated in Figure 1, only China has a market share greater than 
50 percent for more than one such material. In fact, China has a greater than 50-percent market 
share for 11 different materials. 

Figure 1. Percentage of Global Production Within a Single Country 
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China was able to become such a dominant global raw materials producer because of its large 
resource base and Its long-term emphasis on mineral production, as well as its ability to produce raw 
materials at lower cost because of its relatively lax environmental and occupational health and safety 
standards. Figure 2 shows how China’s dominance in materials production grew from 1990 to 2010, 


^ U.S. Department of Justice, "Herfindahl-Hirschman Index," web page, undated. As of May 5, 2015: 
http://www.justice.gov./atr/publlc/guideiines/hht.html 
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as mines and processing plants in other countries closed because of their inability to compete with 
China’s low-price exports.® 


Figure 2. Growth of China’s Raw Materials Production 
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China was once viewed as a reliable, low-cost supplier of raw materials. However, as China's market 
share and domestic consumption grew, changes to its material export policies created concern 
among its customers. In particular, a combination of production controls, export restrictions (e.g., 
quotas and tariffs), mine closings, and company consolidation® contributed to significant price 
increases and, in some cases, volatility on the world market,™ with major ramifications for global 
manufacturing. Because of export tariffs and price increases stemming from export restrictions, 
China's domestic manufacturers have had access to raw materials at lower prices than those charged 
on the world market. Figure 3 shows how the level of export restrictions grew as China’s market 
dominance grew. 


For a tungsten example, see Chelsea J. Carter, "At 8,000 Feet, California 'Mine in the Sky’ Is About to Enter 
Valhalla,” Los Angeles Times. August 27, 2000; for a rare earth example, the history of the Mountain Pass mine, 
see Danielle Venlon, "Rare Earth Mining Rises Again in the United States." Wired, May 11. 2012, 

® Jeonghoi Kim. “Recent T rends in Export Restrictions," OECD Trade Policy Paper No. 1 01 , Paris: OECD 
Publishing, 2010, 

For example, see K.A. Gschneider, 2012, and Michael Montgomery, "Tungsten Price Pushes to Historic 
Highs." Tungsten Investing News, February 23, 2011. 
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Figure 3. China’s Export Restrictions and Market Share 



Year 

SOURCES: U S. Geological Sunrey, Minerals Commodity Summaries, 2003-2010; Jane Korinek and 
Jeonghoi Kim, "Export Restrictions on Strategic Raw Materlais and Their impact on Trade and the Global 
Supply," OECD Trade Policy Papers, No 95, Paris: OECD Publishing. 2010; strategic Metal investments, 
Ltd., China's Growing ftole in the Production and Supply of Minor Metals: Part 11, May 10, 2010. 


The negative effects on competitiveness of non-Chinese manufacturers and the pressure to move 
manufacturing plants to China from other countries created by this situation led China’s trading 
partners to bring an unprecedented series of complaints before the World Trade Organization (WTO) 
in the past several years.''’’ 


• In 2009, the United States and the European Union (EU) brought a complaint against China’s 
trade restrictions on various forms of bauxite, coke, fluorspar, magnesium, manganese, 
silicon carbide, silicon metal, yellow phosphorus, and zinc. When the WTO ruled in favor of 
the United States and the EU, China appealed and lost, then took full advantage of the 
■reasonable period of time” allowed under WTO rules before finally removing export duties 
and export quotas on these materials on January 1, 2013, the very day the time for 
compliance expired. 

• In 2012, with China not yet having acted on the dispute just described, the United States, EU, 
and Japan brought an additional complaint against China's trade restrictions on rare earths. 


” World Trade Organization, China — Measures Related to the Exportation of Various Raw Materials, Dispute 
Settiennent DS394, January 28, 2013; and World Trade Organization, China— Measures Related to the 
Exportation of Rare Earths, Tungsten and Molybdenum, Dispute Settlement DS431. DS432, DS433, August 29, 
2014. 
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tungsten, and molybdenum. This dispute was also settled in favor of the U.S., EU, and 
Japan, and China recently removed export quotas on these materials— on the agreed date 
for compliance of May 2, 2015.” 

At the heart of all of these complaints was the assertion that China's export policies, which have now 
been ruled to be inconsistent with WTO rules, created a situation in which Chinese manufacturers 
had access to raw materials at lower prices than those same materials could be acquired via export— 
the two-tier pricing structure. While the removal of export quotas and export duties should, in 
principle, eliminate two-tier pricing, it remains to been seen whether China finds other ways to 
continue to provide its manufacturers with competitive advantages based on its position as a 
dominant producer. 

3. Tungsten: Case Example of a Critical Material 

Because of its unique combination of high-temperature mechanical and electrical properties, tungsten 
provides superior performance in many applications, such as electrical lighting, high-temperature 
metal alloys, and wear-resistant components. As noted previously, cemented carbides, composite 
materials consisting of tungsten carbide particles in a binder, are critical to every industrial application 
that involves cutting or involves component wear. Other important uses are in high-strength steels; 
electrodes; and wires, sheets, and rods used for a variety of Industrial applications.” Tungsten is thus 
a basic commodity underpinning the global manufacturing sector. 

Tungsten is found in many places in the world but China has the largest reserves, which are defined 
as the part of the resource that is “fully geologically evaluated and legally mineable with current 
technology."” China has been the leading producer of tungsten for many years, producing at a rate 
far greater than any other country relative to its reserves. For the same reasons discussed earlier, as 
China increased its production, several countries with tungsten reserves ceased or reduced their 
production, including the United States. 

The extent to which China dominates the production and processing of tungsten is illustrated in 
Figure 4, which shows the flows of raw and processed tungsten between China, the United States, 
and the rest of the world. The most important feature in this figure is that China imports the lion's 


” For example, see International Centre for Trade and Sustainable Development, "Chinese Government 
Abolishes Rare Earth Export Quotas,” Bridges Weekly, Vol. 19, No.1, January 15, 2015,. 

” For a detailed description of tungsten applications, see International Tungsten Industry Association, Tungsten, 
2008. 

” Data from U.S. Geological Survey, 1996-2015. Reserve definition from British Geological Society, Tungsten, 
2011, p. 15. 
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share of raw tungsten (ore and concentrate) produced by the rest of the world, and is the dominant 
producer of the intermediate compounds from which many tungsten-containing products are 
manufactured. This includes ammonium paratungstate (APT), which is used to set prices on the world 
market, China is thus not only the dominant producer of mined tungsten ore and concentrate; it is 
also the dominant processor of the intermediate products that are traded on commodity markets. 


Figure 4. Tungsten Raw Materials Supply Network 
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Supplies of tungsten on the world market have tightened in recent years as Chinese domestic 
consumption has increased and its exports have remained relatively constant, resulting in a doubling 
of the APT price on the world market. U S. manufacturers have also encountered difficulty in 
negotiating long-term contracts, as well as pressure to move manufacturing plants to China to access 
raw materials. In response to this tight supply situation, "in the next few years, mine production 
outside China is expected to inaease." U S. industry has also responded with a remarkable increase 
in secondary production from waste and scrap, reducing U.S. import dependence from 2010 to 2011 
by one-third, from 60 percent to 40 percent (see Figure 5), This level of secondary production has 
been maintained through 2014.’* 


** Quote on mine production outside China and figures for 2012-2014 secondary production from U.S. 
Geological Survey. 1996-2015. 
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Figure 5. U.S. Tungsten Production and Import Dependence 
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The tungsten supply situation iilustrates the problems faced by U.S, manufacturers, and indeed by 
the global manufacturing community, when a dominant producer is able to create global market 
distortions that favor its domestic manufacturers. Production in other countries is projected to 
increase, but the lead times are long and financing for large projects such as mines and processing 
plants can be hindered by the uncertainties associated with the effect on prices of future actions by 
the dominant producer. The resolution of the WTO cases and the elimination of export quotas and 
duties are welcome signs, but whether they lead to the elimination of two-tier pricing and pressure on 
U.S. manufacturers to move plants to China remains to be seen. 

4. Recommended Actions 

As the case study of tungsten illustrates, issues with the supply of materials are often less about the 
materials themselves and more about where the materials are produced and processed. As China’s 
export restrictions and the WTO disputes that stemmed from them illustrate, a dominant producer, 
especially one with weak governance or that controls production, can contribute significantly to 
market distortions and supply disruptions with strong impact on the manufacturing sector, where 
materials are a critical input In this respect, it is important to distinguish between dominant producers 
who have used export restrictions and those who allow market forces to largely determine supply and 
demand of the materials they produce. For example, Chile, producer of 53 percent of the world’s 
rhenium, and Australia, producer of 51 percent of the world's zirconium, fall into the latter category. 

The RAND report recommended two types of actions to address the potential for supply disruptions of 
critical materials: (1) actions that can increase resiliency to supply disruptions or market distortions; 
and (2) actions that can provide early warning of developing problems concerning the concentration 
of production. 
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Increasing Resiliency to Supply Disruptions or Market Distortions 

The first line of defense against supply disruption or market distortion is to reduce the magnitude of 
the potential problem by preventing any controlling producer from further increasing its market share 
of a material. For example, China’s attempt to acquire a controlling interest in Lynas Corporation, the 
owner of the Mount Weld rare earth mining project in Australia that, once in operation, would have 
increased China's 98-percent market share of rare earths, was blocked by Australia's Foreign 
Investment Review Board."® Wherever possible and consistent with WTO rules, action to deny a 
dominant producer an opportunity to further increase their dominance should be taken. 

Coordination among multiple countries dependent upon a controlling producer for raw or semi- 
finished materials will sometimes be necessary to limit the potential for market distortion or supply 
disruption. For example, as illustrated in Figure 4, in addition to being the controlling producer, China 
is also the world’s largest importer of tungsten ore and concentrate, and the controlling processor of 
this ore and concentrate into intermediate products. A coordinated effort to increase processing in 
other countries would reduce the level of China's control over the tungsten supply chain. 

Since the main source of the supply problems discussed here is the concentration of production, the 
most effective action that can be taken to increase resiliency would be to encourage diversified 
production— i.e., the operation of mines in several different countries. Indeed, as noted in the 
tungsten case, such diversification is already beginning to take place. However, the uncertainty 
created by a highly concentrated market is a barrier that must be overcome by actions at the local, 
national, regional, and global levels to create a favorable and sustainable climate for the investments 
and time needed to bring diversified supplies into place. Coordinated actions by importing countries 
may be effective here as well. Other areas where coordination is possible include the filling of 
stockpiles and the establishment of agreements about sharing limited resources in the event of 
supply disruptions. 

Over the long term, actions to inaease resiliency may include the development of new methods of 
extraction, processing, and manufacturing that promote the efficient use of materials; inaeased 
recovery of materials from waste and scrap (secondary production, as described in the tungsten case 
example); and research and development of alternative materials and new product designs to reduce 
the demand for limited materials. 


See "China Fails in Another Bid for Resources Firm,” Sydney Morning Herald, September 24, 2009. 
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Foresight of Developing Problems 

Many organizations collect and report data on the production, processing, and trade of minerals. For 
example, we were able to develop a comprehensive picture of the tungsten supply situation using 
data from the U.S, Geological Survey, the British Geological Survey, the International Tungsten 
Industry Association, and the United Nation's Comtrade database. However, early warning of a 
developing problem related to the control of a mineral market by one or a few producing countries 
requires an understanding of the motivation and intent of producing countries and companies, as well 
as the tracking and monitoring of international agreements and activities among both producing and 
consuming countries. 

How might we recognize a developing pattern, such as an increasing concentration of production, 
increasing export restrictions, two-tier pricing, price spikes, or price volatility, before it creates harmful 
market distortions? How can we tell whether a trend is part of the natural development of a producing 
country from an economy dependent on the export of raw and semi-finished materials to one that 
produces and exports more value-added products? Here, international coordination and the 
benchmarking of market activity with diversified commodity markets can provide a guide. For 
example, the U.S. Department of Justice's (DOJ’s) criterion for a transaction that is "presumed likely 
to enhance market power in a highly concentrated market" is a change of 0.02 in the HHI, Consider a 
hypothetical case in which each of five countries has a 20-percent market share, which gives an HHI 
of 0.2, a moderately concentrated market by our criteria. If one of these countries acquired an 
additional 10-percent market share from one of the others, then the HHI would increase from 0.20 to 
0.22, which would meet the DOJ threshold for enhancing market power. When such situations occur, 
international coordination and cooperation could prevent market concentration from reaching the level 
of concern that led to the recent actions against China brought before the WTO by the United States, 
the EU, and Japan. The goal of such coordination and cooperation should be to smooth market 
distortions while allowing for the natural economic development of producing countries. 

While, as an independent and non-partisan organization, RAND does not endorse or oppose 
legislation, we note the parallels between some aspects of the American Mineral Security Act of 2015 
and our recommended actions: 

• The actions and requirements to expedite the permitting “of activities that will increase 
exploration for, and development of, domestic critical materials, while maintaining 
environmental standards" parallel our recommended action to diversify production. 

• The section on recycling, efficiency, and alternatives parallels our recommended actions to 
increase resiliency over the long term. 
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The section on analysis and forecasting parallels our recommended action on foresight of 
developing problems and could provide the data for the type of benchmarking against 
diversified commodity markets that we recommend. Inclusion of language concerning 
international coordination and cooperation aimed at smoothing market distortions while 
allowing for the natural economic development of producing countries, when the 
benchmarking reveals a problem with market concentration, would further strengthen the bill. 
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The Chairman. Thank you, Dr. Silberglitt. I appreciate your tes- 
timony here. And thank you all for being with us this morning. 

Dr. Kimball, let me begin with you. 

Both in your written testimony and in your written statement, 
you did not come right out and embrace Senate bill 883. Your writ- 
ten testimony provides that the Department of the Interior, “sup- 
ports the goal of facilitating the development of critical minerals in 
an environmentally responsible manner.” 

We had an opportunity last year to have Dr. Meinert of USGS 
testify that he was, “thrilled and delighted” to see our critical min- 
erals legislation. Around here we always like that warm embrace 
of legislation. 

So a yes or no answer from you, please. Do you think this legisla- 
tion furthers the goal of facilitating the development of critical 
minerals in an environmentally responsible manner and increasing 
the mineral security of the United States? 

Dr. Kimball. Thank you. Senator. 

Well, Dr. Meinert is here with me today, and I can vouch for the 
fact that he still is thrilled and delighted. 

The Chairman. Good. [Laughter.] 

Dr. Kimball. In terms of a one word answer is yes, we do think 
that the goals embraced in Senate bill 883 will advance those prior- 
ities. And we really commend you and the Committee for elevating 
this very important issue. 

The Chairman. Well, I appreciate that, and know that we want 
to work with you on this. 

Let me ask about this Mineral Commodities Summaries Report 
that you do each year. We have all agreed across the table here 
that our reliance on other countries in terms of our mineral needs 
is increasing, but when USGS reports that we are seeing this in- 
creasing foreign mineral dependence, what happens? What hap- 
pens next? 

If we are seeing this matrix go up do we have a concerted effort 
within the agency, anywhere within the Federal Government real- 
ly, to reduce or then minimize the imports of those minerals where 
we are seeing this increased reliance? 

Dr. Kimball. With the USGS Mineral Commodities Report pro- 
vides essential information that can inform national economic pol- 
icy and trade considerations. The USGS itself does not enter into 
those kinds of policy decisions which factor into account economies, 
factor into account trade considerations and industry capabilities. 
And so once we 

The Chairman. So you put the summary out there, but not much 
further beyond that. Is that correct? 

Dr. Kimball. That is correct. 

The Chairman. Okay. 

Let me ask you about permitting reform, because we have heard 
from many of you here at the table that permitting reform must 
be addressed. It takes an average of seven to ten years to permit 
a new mine here in this country, and one leading consultancy has 
found that permitting delays are the most significant risk to min- 
ing projects here in this country. 

Mr. Fogels, you mentioned a couple specifics in the State of Alas- 
ka where we have made some headway. I think you refer to the 
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large project coordinator where you have a liaison between the ap- 
plicant and all the agencies that are coordinating it that way, and 
we have seen improvements at the state level. 

What do you hear at the Federal level though, in contrast to 
what you are doing at the state level? 

Then a follow-on question to you, Mr. Conger, is if we were to 
adopt this type of an approach that the State of Alaska has with 
this liaison, would this help us with the Federal permitting proc- 
ess? 

Mr. Fogels. 

Mr. Fogels. Thank you. Senator. 

Yes, as I said in my testimony and further elaborated on in my 
written testimony, we have developed a fairly unique process. We 
put together our large mine team that’s been in existence for prob- 
ably close to 20 years now. Basically how it works is an applicant 
will voluntarily decide to sign up with the State of Alaska to get 
a project coordinator assigned to a specific project. This isn’t lim- 
ited to just mining projects, but it did start in the mining sector. 
And then that coordinator will essentially shepherd the process, 
will track every single permit, state. Federal, local, trying to bring 
all the parties to the table and be that efficient, single point of con- 
tact. 

I think, most importantly, it gives the public a real holistic way 
to look at the process. It makes it easier for the public to follow 
along. The process also has a strong cost recovery component where 
the applicant essentially pays for almost all, if not all, the state 
permitting expenses. And again, this is just for the state side that 
that cost recovery is implemented. We have a statute that gives the 
Department of Natural Resources that authority to coordinate state 
agencies. It has enabled us to build a team with expertise. The 
mining sector is very complicated. To permit a mine is a very com- 
plicated endeavor, so we have this built up expertise. 

On the Federal side, they don’t really have a counterpart to our 
coordinator, and we’ve long dreamed that someday the Federal 
agencies should contemplate something similar. 

We understand that it’s a little more difficult to do something 
like that on the Federal side, with a Federal family, but we still 
think there’s room for the Federal agencies to somehow coordinate 
a little bit better. I think the Canadian National Government has 
a major projects office and that may be something to look at. 

But I think there’s room 

The Chairman. Well, I appreciate that. 

My time is up. Mr. Conger, I wanted you to just very briefly com- 
ment if you think that Federal application of what we have seen 
at the state level would help us with a more expedited or more effi- 
cient permitting process? 

Mr. Conger. Chairwoman Murkowski, it would be very helpful. 

The Chairman. Okay, good. Thank you. 

Senator Cantwell. 

Senator Cantwell. Thank you. Madam Chair. 

I have a couple of different questions. 

Dr. Kimball, I just wanted to know from you, what do you think 
you are currently lacking right now to ensure that there is a stable 
supply chain of these critical minerals for our economy? 
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Vice Admiral Cosgriff, I wanted to ask you about what you have 
seen that are the best research partnerships with the Department 
of Energy, again, to lessen the supply chain challenges and disrup- 
tion. 

Dr. Silberglitt, I wanted to ask you about the examples of using 
recycling as alternatives in the supply chain. 

Obviously this is all about these industries that have to resource 
and keep this development going, so I just wanted to really hone 
in on that supply chain with those questions. 

Dr. Kimball. Thank you. Senator Cantwell. 

We believe we actually have the adequate existing authorities to 
undertake the kinds of assessments and resource determinations 
around the critical minerals supply chain issues. And in fact, life 
cycle analysis is a fundamental part of our strategic plan for min- 
eral resources program. 

Enabling the USGS to be able to provide the kind of information 
on the time frame identified, within the time frames identified, in 
Senate 883 will be a challenge under our current funding con- 
straints. 

Senator Cantwell. Because of the complexity of that or? 

Dr. Kimball. Not so much because of the complexity, but be- 
cause of the amount of work that it will take and the number of 
individuals that will be required to complete those assessments in 
the time frames that are identified. 

Senator Cantwell. Don’t we already have a report that was 
done? Right? The DOE report. Critical Materials Strategy? 

Dr. Kimball. That’s the Department of Energy document. 

Senator Cantwell. We do share, right? 

Dr. Kimball. Yes, we do. [Laughter.] 

And actually the Department of Interior and the Department of 
Energy work very, very closely together on these issues. 

The Department of Energy is focused more on technology and 
technological development associated with various industrial appli- 
cations, whereas we’re involved more with understanding the dis- 
tribution of the resource both discovered and undiscovered. 

Senator Cantwell. Research partnerships. Admiral Cosgriff? 

Admiral COSGRIFE. Thank you. Senator. 

Well the Critical Minerals Institute comes to mind in the context 
of this hearing and what they’re working on. And in addition to 
that, which we welcome, we also have affiliations or companies 
have affiliations with universities. The larger ones are in-house 
technologists and they’re always pursuing technology as a competi- 
tive advantage when they can find something the other guys don’t 
have yet. 

So all of this R and D is going to be important across the entire 
life of these minerals from extraction I’ll defer to the gentleman on 
my left for that, but all the way through their life, their application 
and the manufacturing process and then the sunset of that product 
at the end of life. 

A good example of that is what NEMA members are doing with 
lighting in a number of states where we recover lights, extract min- 
erals that would be environmentally dangerous and dispose of it re- 
sponsibly. 
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Senator Cantwell. Doctor, on the recycling aspect of the supply 
chain? 

Dr. SiLBERGLiTT. Thank you, Senator. 

Recycling is certainly very important, and it’s certainly market 
driven today. 

The case study of tungsten, that you quoted in your remarks, in- 
dicates that one can respond very rapidly, in fact, in some indus- 
tries. The tungsten manufacturer that we talked to pointed out to 
us that they were already trying to substitute for tungsten as well 
as they could in cutting tools and using as little as possible and 
using it as efficiently as possible, but then with the problems with 
the supply chain they were able to start to recycle scrap and waste 
at an even greater rate. 

The uses had done a study several years before. Dr. Kim Shed, 
and showed that the supply chain for tungsten has places where 
you can recycle. And so I agree that we should recycle as much as 
possible. It’s a very good alternative. 

Senator Cantwell. Thank you. 

The Chairman. Senator Capito. 

Senator Capito. Thank you. Madam Chair, and thank you to the 
panel. I am going to start with Mr. Conger, please. 

Most of what we have heard in the panel discussion today has 
been in support of S. 883 for the reason I am going to ask in that 
the permitting process for new mines is very, very difficult to navi- 
gate. Generally speaking, you mentioned that you have been in this 
business for several decades. 

Would you say how the United States compares to other coun- 
tries, and we touched on this a little bit, when it comes to permit- 
ting timelines for new mines? 

Mr. Conger. Thank you. Senator. 

First of all, the standards that we use throughout the world are 
based on U.S. standards. Most of the countries in the rest of the 
world have rapidly adopted the standards for the quality and the 
veracity of the regulations. 

What we find most different is the other countries that we work 
in have specific timelines for various aspects of the permitting proc- 
ess to be completed within. And they’re adequate time frames, two, 
three years, typically. A lot of public involvement in those so 
there’s plenty of opportunity for everyone to be informed and arrive 
at the best, you know, overall outcomes for the project. 

When we work on permitting here in the United States there’s 
absolutely no timeline estimates that you can make. The most re- 
cent property that we permitted and built from scratch in Arizona 
took 12 years to permit. And there’s just, in many cases, no way 
to make — ^break the log jams that occur and it just takes a long 
time. 

Senator Capito. Just so I understand the semi-science of this 
and maybe. Dr. Kimball, you can answer this for me. On the min- 
eral, we have heard that most of the producing and most of the im- 
porting is from China. Is that because we do not actually have the 
minerals here or is it what Mr. Conger was saying that investors 
and companies are not investing here because of the uncertainty of 
the regulatory issues? Do we have these minerals here? Could we 
be dominating in this field? 
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Dr. Kimball. I think there’s a comhination of factors. In some 
cases we do not have adequate resources to meet our needs domes- 
tically. In other cases there are industry considerations in terms of 
practicality of extracting those resources. In some cases we have 
not completely mapped the full extent of the resources nationally, 
so we aren’t ahle to make an assessment. So there are a number 
of factors that complicate. 

Senator Capito. Contributing on the last point that you made in 
terms of that we have not adequately mapped, is that because we 
haven’t placed a great enough priority on it? Is it because the sup- 
ply is there from other countries? How would you perceive that? 

Dr. Kimball. Again, there are a number of factors that affect 
that. We, in fact, have done national assessments on a number of 
minerals, critical, some identified as critical materials, some other 
metals, copper and zinc come to mind as ones where we have done 
national assessments. 

There is a timeline and a work load commitment associated with 
that. We’ve been very fortunate to have a very good working rela- 
tionships with industry, with other Federal agencies and with the 
university communities, but that coordination to move forward in 
a national context is not only complex, but it’s a very, very large 
work load. 

Senator Capito. Does the State of Alaska do their own mapping 
exploration? I mean, do you feel like this is a necessary, for us to 
move forward, could we do it statewide with the Federal, sort of, 
overseeing in terms of discovery? 

Mr. Fogels. Absolutely, Senator. The State of Alaska does do its 
own mapping, very heavily partnering with the Federal agencies 
such as the USGS. 

Senator Capito. Right. 

Mr. Fogels. But I should make a point that as of today we have 
mapped 17 percent of Alaska, 17 percent, at a scale that’s suitable 
for mineral exploration. And the remaining unmapped acreage in 
Alaska is equal to the States of Washington, Oregon, California, 
Nevada and Arizona, combined. [Laughter.] 

Senator Capito. You could probably even stick West Virginia in 
a little corner in there and still be accurate. [Laughter.] 

Mr. Fogels. I believe so. 

Senator Capito. Let me just ask a quick question. Somebody 
might be able to answer this with a yes or no. 

My perception of these types of minerals is that they are very ex- 
pensive to purchase and could be a very lucrative business if we 
would get together and use this law to better coordinate and expe- 
dite our regulatory regime here. Is that true? Are most of them 
very expensive or not? Yes? 

Mr. Conger. Senator Capito, I think there would be more people 
exploring and looking for minerals if they knew that they could 
bring it to fruition and produce them, that there’s just a huge bar- 
rier to entry with the uncertainty of how long it’s going to take to 
permit. 

Senator Capito. Okay. Thank you very much. 

Thank you. 

The Chairman. Thank you. 

Senator Franken. 
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Senator Franken. Thank you, Madam Chair. 

In 2013 I was a co-sponsor of the Chair’s Critical Minerals Policy 
Act, and I believe that bill was able to strike a balance between 
supporting domestic critical mineral production and doing so in an 
environmentally responsible way. 

We need to continue, to make sure that mining activities which 
are vital to local economies are carried out in a manner that is con- 
sistent with protecting the public health, welfare, safety, our na- 
tional security and the environment of the United States. I am not 
sure why these considerations got less attention in the legislation 
that has been introduced in this new Congress. 

Dr. Kimball, in your opinion have environmental impacts of ex- 
tracting critical minerals lessened over the last two years? 

Dr. Kimball. Senator, I’m not qualified to answer that question 
in terms of whether or not the impacts have lessened due to 
changes in technology or industry practices. 

I can say that it’s a very important issue. Mineral, any extractive 
industry development and environmental protection are not mutu- 
ally exclusive goals. And so that a good understanding of the re- 
source distribution, a good understanding of how technology can be 
applied and what the potential environmental impacts might be 
due to that extraction can work, those entities can work coopera- 
tively together for an effective 

Senator Franken. I think they have to. I mean, they are not mu- 
tually exclusive. They are intrinsically tied together. 

In our efforts to increase domestic production of critical minerals 
shouldn’t we be concerned with doing it in a way that really pays 
due attention to health, safety and the security of communities and 
the environment as well? Anybody? 

Mr. Conger. Senator, if I may? 

We have the best regulatory regime in the world for those kinds 
of things, and I would submit that the minerals coming from 
China, for instance, are not being extracted with near the care and 
attention to the environment that we do here in this country. 

So I think the best thing for global population overall is for us 
to do it under our standards. As you said, they’re intrinsically 
linked between our security interests and our ability to do it the 
best anywhere in the world. 

Senator Franken. Well in the prior version of the bill, in the pre- 
vious Congress, it included substantial funding, about $15 million, 
for research to look at things like recycling and other alternatives 
to limit the overall environmental impacts of mineral extraction. I 
think that we should continue to lead the world in that. I think 
that is good for Americans, and I think we can do both, but the bill 
does not include any specific authorization for these programs. It 
is something that I would be interested in working with the Chair- 
man on. 

Dr. Silberglitt, as you noted, rare earth metals are critical to the 
high tech sector, in the energy sector, but we also know that in 
many cases we are dependent on imports from China, as testimony 
cited. In recent years we have seen large price increases for these 
rare earth elements, and we need to make sure that our depend- 
ency does not harm our manufacturing sector. 
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I know that there is a real risk when it conies to developing 
clean energy technologies. Dr. Silberglitt, can you talk about which 
particular clean energy technologies are most dependent on rare 
earth elements? 

Dr. Silberglitt. Thank you, Senator. 

The report that the Senator just held up from the Department 
of Energy goes into that in a lot of detail, and many of the renew- 
able energy technologies such as wind energy rely — and more en- 
ergy efficiency projects such as using substitutes for incandescent 
lighting, phosphors are important. 

So there are a host of new energy technologies, as the Depart- 
ment of Energy and the national labs have documented, for which 
the rare earths are very important. 

Senator Franken. Well I see my time has run out, so maybe I 
will include a couple of extra questions for the record. 

Thank you. Madam Chair. 

The Chairman. Senator Daines. 

Senator Daines. Madam Chair, thank you. 

Mr. Conger, according to recent studies metal mining in Montana 
has contrib^uted $403 million, as this 2012 numbers in tax revenues 
and non-metal mining contributes $128 million. That includes $288 
million of state and local taxes. 

Metal and non-metal mining has created nearly 20,000 jobs in 
Montana including 8,500 direct jobs. These are good paying jobs. In 
fact in Montana we know this balance between developing our nat- 
ural resources with responsible environmental stewardship is the 
only option. 

As access to our state’s one of a kind public lands is crucial to 
our state’s tourism economy and our very way of life, it is critical 
that mining operators in Montana engage members of the commu- 
nity and responsible stewards of the resource. 

In fact, the Stillwater Mining Company mining only one of two 
of the platinum and palladium resources in all of North America, 
recently received BLM’s hard rock mineral community outreach 
and economic security award in October of 2014. I visited the oper- 
ation. These are great jobs. They do so much for the community, 
and this mining is occurring right in the backdrop of the Absaroka- 
Beartooth Wilderness Area. These miners work during the week, 
and they are backpacking, fishing, climbing mountains and hiking 
on the weekends. It is a great example of that balance that we 
seek. 

The question I have is I am told your company also has an excel- 
lent reputation for investing in the communities where its mines 
are located including partnering to foster sustainability. Could you 
tell me more about your company’s initiatives in that area? 

Mr. Conger. Thank you. Senator Daines. 

We are certainly proud of Stillwater Mining as a member of the 
National Mining Association. So, congratulations on those achieve- 
ments. 

At Freeport-McMoRan it is very important that the people in the 
areas where we live and work understand that the true benefit of 
having us as a neighbor verses us not being there. And there’s no 
question we have an impact on the environment. We know that. 
We do a variety of things to ameliorate those impacts. 
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But in the areas of education, health, and community develop- 
ment, we’re strong supporters of local communities. We give gener- 
ously to things that meet those criteria, education, health, etcetera, 
in the form of projects at schools, scholarships, infrastructure in 
cities and towns and things that make sense for us and the people 
where we live and work. 

Senator Daines. We have also seen, however, in Montana there 
have been some mining projects that have been burdened by exten- 
sive permitting processes that are keeping these job creating 
projects from moving forward, valuable investments in the commu- 
nities. 

A couple that come to mind are the Rock Creek Mine and the 
Montanore Mine which have been undergoing extensive permit 
analysis for several years. The Montanore Mine is up in Lincoln 
County, up in the Northwest part of our state. 

When I was going to high school, Libby was a Double A high 
school. We are a Double A high school, my home town of Bozeman. 
Libby has gone from Double A to A. They are moving to Class B 
next year. That is really, I think, the story of what is going on with 
some of our communities which are dying with high unemployment 
rates and very low incomes. There has been truly an extensive, al- 
most analysis by paralysis going on for several years on these 
projects. 

Could you expand more on the on ground impact that the slow 
permitting process has had for members of the National Mining As- 
sociation? 

Mr. Conger. Senator Daines, in general you can’t make a busi- 
ness plan without some kind of estimate of timing of investment 
itself of activities when, you know, when do we hire engineering, 
when do we hire construction, when do we hire permanent employ- 
ees. And you know, the key to all of that is being able to have the 
permits to proceed. 

So when there’s no surety of how that process is going to work 
and there are plenty of opportunities for it to be stalled and de- 
layed, people can’t count on anything. You can’t. 

If this, the communities that you mentioned, their people would 
like to go to work there at those operations, but they don’t have 
any idea when that might be able to take place. 

Senator Daines. As we say in Montana, we work but we also like 
to play. 

Mr. Conger. Yeah. 

Senator Daines. But if you do not have a job the only folks that 
will be playing in Montana are tourists coming from out of state 
because Montanans no longer can afford to raise their families 
there and that is why we need these jobs. Thanks for your com- 
ments. 

Mr. Conger. Thank you. 

The Chairman. Thank you. Senator Daines. 

Senator Hirono. 

Senator Hirono. Madam Chair, I would like you to allow Sen- 
ator Manchin to go before me since he has a mark up to attend. 

The Chairman. Yes, certainly. 

Senator Manchin. 
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Senator Manchin. Thank you, Madam Chairman, and thank all 
of you. 

I think we all know the constraints that we have producing the 
minerals this country depends on and needs. I come from West Vir- 
ginia, as you know, and West Virginia has heen challenged in so 
many ways. 

We have consistently found better ways to do things, better ways 
to find a balance between the economy and the environment. There 
has to be a balance. 

With that being said, under the Strategic and Critical Minerals 
Stockpiling Act, the Department of Defense is responsible for stock- 
piling critical minerals. In fact, one of the stockpiles used to be in 
Point Pleasant, West Virginia. An unbelievable site, deep water 
port, both rail lines coming in, CXS/Norfolk Southern. And it just 
disappeared. GSA disposed of it all. 

So I would ask a question to all of you concerning our defense 
and our economy, the defense of our nation and the economy that 
we depend on and all of us live our life. 

Do you believe the United States is positioned right now and we 
have sufficient rare earth minerals to do the job that we need done 
in this country to defend it and to sustain economic growth that we 
need or have we become more reliant on others, the outside world? 
All I can speak about is I have seen all the other countries buying 
up the minerals in West Virginia. People do not realize, basically, 
our best metallurgical coal is being bought up by Russia and India 
and China. It continues. I am sure it continues in other hard rocks. 

But if you all could, just very quickly on that one, talk about do 
you believe we are in a position to defend ourselves from the eco- 
nomic and the defense that we should be by having strategically ei- 
ther control or ownership of rare earth minerals? We will just start 
right down the line. Dr. Kimball. 

Dr. Kimball. Thank you. Senator. 

Well, of course, USGS does not engage in those kinds of analyses, 
so I don’t feel that we’re qualified to determine whether or not 

Senator Manchin. You all have not looked at the inventory? You 
have not looked at basically what we have in this country? Who the 
ownership is and what the production levels are? 

Dr. Kimball. Through our mineral commodities analyses, yes, we 
have, but we have not put that in terms of what is 

Senator Manchin. Could you get us a report on that? I mean, I 
want to know are we dependent on other countries or do other 
countries have control of our minerals which we are dependent on 
for our economy and the defense of our nation. If you could get me 
an answer on that I would really appreciate it. 

Dr. Kimball. We’ll provide information for the record. Will that 
be suitable? 

Senator Manchin. Absolutely. 

[The information referred to follows:] 
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The Mineral Commodity Summaries 2015 can be found on the U.S. Geological Survey 
website ( http://minerals.usqs.qov/minerals/pubs/mcs/2015/mcs2015.pdf ). The chart on 
page six, '2014 U.S. Net Import Reliance' may be of particular interest, as it shows the 
amount of important dependence for various commodities as well as which countries 
supply most of the imports. The Summaries are updated annually. 
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Senator Manchin. Mr. Fogels. 

Mr. Fogels. Yes, Senator, thank you. I guess I would have to say 
no, we’re not prepared to supply ourselves with what we need. 

Senator Manchin. You think right now that we are dependent, 
strategically, on the things that it takes for the quality of life we 
have and defending our homeland, that we cannot take care of our- 
selves right now without outside rare earth minerals? 

Mr. Fogels. Absolutely. I firmly believe that, but I believe that 
we have the potential to turn that around. 

Senator Manchin. Do you have any statistics on that or any info 
that can back that up basically saying that we are not in a position 
today to self-sustain or take care of ourselves? 

Mr. Fogels. I think it is out there. I think we can 

Senator Manchin. Can you put that together for me? 

Mr. Fogels. Get it together? Sure. 

Senator Manchin. Okay. Vice Admiral. 

Admiral COSGRIFF. I think what my members look for more than 
anything else is predictability. For the most part in a globalized 
market, no matter where these minerals reside, in the main right 
now it’s predictable. 

But I think as 

Senator Manchin. You think basically we have either ownership 
or control as the United States? 

Admiral CosGRiFF. I think it’s a predictable source of minerals 
from my company that they need in manufacturing, but I think as 
a West Coast port problem showed, as a one off example of how 
quickly disruption can riffie through the economy. 

Senator Manchin. Oh, I 

Admiral CosGRiFF. So as I am not a miner, I do not know the 
geology of this. But as a representative of manufacturers, they are 
looking for predictability and affordability in their supply. 

Senator Manchin. I think my question goes deeper basically say- 
ing that the hard challenges we have through regulatory, of being 
able to produce the rare minerals that we depend upon make us 
more dependent, that we have less control, is what I am trying to 
say. If you all have the expertise and everything, we have got to 
make sure that the people in the United States of America, 300 
plus million, understand that we are not in a position to take care 
of ourselves either over regulations or a lack of inventory or de- 
pendency on countries that basically could shut us off in a heart- 
beat. 

We know what we are talking about is China, about them being 
very aggressive in the world market. Correct? Red, do you have any 
comments on this? 

Mr. Conger. Yes, Senator Manchin, thank you. In a word, no, 
we are not self-sufficient. We could be more independent. 

To be direct about your question, the National Mining Associa- 
tion will provide you with that data and that back up information. 

Senator Manchin. Thank you. 

[The information referred to follows:] 



74 


U.S. Senate Committee on Enei^ and Natural Resources 
May 12, 2015 Hearing: 883, the American Mineral Security Act of 2015 
Question Submitted to Mr. Red Conger 

Question from Senator Joe Manchin 

Question 1: Do you believe the United States is positioned right now, with respect to rare 
earth minerals, to defend and sustain economic growth - either through control or ownership 
- of our nation or have we become more reliant on foreign countries for these materials? 

And Red, do you have any comments on this? 

In a word, no, we are not self-sufficient. We could be more independent of 
foreign nations for which we rely on for rare earth minerals. From a global 
perspective, the United States enjoys inherent advantages due to our immense and 
enviable mineral endowment. However, lengthy delays in permit reviews 
compromise the commercial viability of projects by increasing costs, reducing the 
net present value of projects and impairing financing, since mining is a capital- 
intensive process that takes years of development before minerals are produced. 
We need to proactively address these problems in order to ensure access to the 
minerals we need for national and economic security when we need them. 



75 


Strategic and Critical Materials 
2015 Report on 
Stockpile Requirements 



Under Secretary of Defense 
for 

Acquisition, Technology and Logistics 

January 2015 

The estimated cost of this report or study for the Department of Defense is 
approximately $847,000 in Fiscal Years 2013 - 2014. This includes $770,000 in 
expenses and $77,000 in DoD labor. 


Generated on 2014Octl5 ReflD: 9-05A8E24 


76 


Table of Contents 

Appendices iv 

List of Figures vi 

List of Tables vi 

Executive Summary 1 

Introduction 1 

Materials with Approved Acquisition Authority 1 

Studied Materials 2 

Materials Requested for Action 2 

Materials Recommended for Stockpiling 3 

Alternative Mobilization Periods 3 

Structure of the Report 4 

Part 1 : The Secretary’s Recommendations for the National Defense Stockpile 5 

Chapter 1 . 1 Materials Recommended for Stockpiling 5 

Chapter 1.2 Shortfall Estimation 10 

Introduction 10 

Top-Down Methodology 10 

Bottom-Up Methodology 1 0 

Summary of Shortfall Materials 1 1 

Demand Assessment 1 3 

Supply Assessment 13 

Potential Shortfalls and Recommendations 14 

Chapter 1.3 Basis for the Recommendations and Plans 15 

Material Initial/Gross Shortfalls 15 

Overview of Market Response and Net Shortfalls 18 

Part 2: National Emergency Planning Assumptions 23 

Chapter 2.1 The Filter Research Process 23 

Economic Research 24 

Downstream Assessments 25 

Chapter 2.2 Overview of Base Case 26 

Budget and Defense Planning Scenario 27 

Part 3: Recommendations under Alternative Mobilization Periods and Military Conflict 

Scenarios 29 

Chapter 3.1 Recommendations under Alternate Cases 29 

Summary of Alternate Cases Analysis 29 

Chapter 3.2 Description of Alternate Cases 31 

Alternate Case I 31 

Alternate Case II 31 

Alternate Case HI 32 

Alternate Case IV 33 

Chapter 3.3 Results of Alternate Cases 34 

Alternate Case 1 34 

Alternate Case II 35 

Alternate Case III 35 

Alternate Case IV 35 

iii 



77 


Comparison of Alternate Cases and Summary of Findings 36 

Chapter 3,4 Closed Economy 37 

Closed Economy Case 37 

Part 4: Plans of the Stockpile Manager 40 

Chapter 4. 1 Materials Authorized for Acquisition 40 

Chapter 4,2 Reclamation Plans 41 

Chapter 4,3 The Study of Future Material and Mobilization Requirements for the 

Stockpile 42 

Materials Requiring Further Study 42 

Support for Future Studies: Data, Collaboration and Analysis 47 

Appendices 

Appendix 1 The Stock Piling Act 1-1 

Appendix 2 Base Case Initial Shortfall Methods and Analysis 2-1 

Appendix 2a, Modeling Method Selection Process 2-3 

Materials Raised to the Attention of the NDS Program 2-3 

Materials Studied in the Report 2-4 

List of Materials Modeled in RAMF-SM 2-6 

List of Materials Modeled by Bottom-Up or Other Method 2-7 

Appendix 2b, RAMF-SM Models and Key Variables 2-9 

Overview and Taxonomies of Demand 2-9 

General Outline of the Modeling Process 2-1 1 

Computation of industrial Demands 2-12 

FORCEMOB 2-13 

From Demands for Goods and Services to Demands for Materials 2-14 

Embedded Demand 2-17 

Computation of Available Material Supply 2-21 

Computation of Material Shortfalls 2-22 

Summary Flowchart 2-22 

Appendix 2c, Data and Sources for Modeling Gross Shortfalls 2-24 

Overview 2-24 

List of 71 Major Data Items Required 2-26 

Appendix 2d, Assumptions, Key Judgments, and Approval Process 2-32 

Overall Scenario Description 2-32 

Supply-Side Assumptions for the Base Case 2-33 

Demand-Side Assumptions for the Base Case 2-37 

Key Judgments and Approval Process 2-40 

Appendix 2e, Essential Civilian Demand Factors 2-46 

Personal Consumption Expenditures 2-47 

Construction 2-50 

Appendix 2f, Country Reliability Protocol 2-52 

Appendix 2g, Base Case Scenario Specifics (Classilled) 2-54 

Appendix 2h, Business Sensitive Findings (Proprietary and Classified) 2-55 


IV 



78 


Appendix 3 Market Responses 3-1 

Appendix 3a. Thriftiness 3-3 

Appendix 3b. Substitution Protocol and Results 3-3 

Approach 3-4 

Substitution Assessment Protocol 3-4 

Sources of Data 3-9 

Evidence/Data Regarding the Utility of Substitutes for Mitigating Shortfalls 3-10 

Results and Observations 3-24 

Conclusion 3-26 

Appendix 3c. Extra Sell 3-26 

Market Shares 3-26 

Estimated Production vs. Unused Capacity 3-27 

The Extra Sell or Ffxpanded Market Share Concept 3-27 

Implementation in the Modeling Process 3-29 

Example of the Extra Sell Concept 3-30 

F-’oreign Country Cooperation 3-32 

Appendix 4 Alternative Cases 4-1 

Appendix 5 Assessing Strategic Risks of Scenarios: Protocols and Results 5-1 

Expert Elicitation of Future Scenarios: What are the significant risks to the security 

environment during the ensuing decade? 5-3 

Frequency of Historical Scenarios: What is the historical frequency of scenarios 

that disrupt the supply of strategic materials? 5-6 

Appendix 6 Materials Exhibits 6-1 

Appendix 7 Acronyms 7-1 


V 



79 


List of Figures 


Figure 2,1.1: Research Process for Stockpiling Materials 24 

Figure 4.4,1 : SMART Ontology Overview 48 

Figure 4.4.2: Example of SMART Material Flow Diagram 49 


List of Tables 


Table 1 : Gross Shortfalls for Alternate (Alt) Cases and Closed Economy (CE) Case 4 

Table 1,1.1: Overview of Materials Identified to Be in Net Shortfall 5 

Table!. 1.2: Materials Already Requested for Stockpiling 8 

Table!. 1.3. Materials Recommended for Stockpiling 8 

Table 1.2.1: Shortfall Materials and Quantities 1 2 

Table 1.3.1: Estimated Gross Shortfall Quantities 16 

Table 1.3.2: Estimated Shortfall Quantities 19 

Table 3.2.1: AC-1 Scenario Assumptions Compared to the Base Case 3 1 

Table 3.2,2: AC- 11 Scenario Assumptions Compared to the Base Case 3 1 

Table 3.2.3: AC-Ill Scenario Assumptions Compared to the Base Case 32 

Table 3.2.4: AC-IV Scenario Assumptions Compared to the Base Case 33 

Table 3.3.1 : Individual Examination of AC-1 Scenario Conditions 34 

Table 3.4.1 : Material Gross Shortfalls under Closed Economy Case 38 

Table 4.4. 1 : Materials Recommended for Further Study 43 



Strategic and Critical Materials 2015 Report on 
Stockpile Requirements 


Executive Summary 


Introduction 

The primary purpose of the National Defense Stockpile (NDS Program) is to decrease the risk of 
dependence on foreign suppliers or single suppliers on supply chains of strategic and critical 
materials used in defense, essential civilian, and essential industry applications. The NDS 
Program allows for decreasing risk by maintaining a domestically held inventory of necessary 
materials. 

Under Section 14 of the Stock Piling Act, the Secretary of Defense must submit a report on 
stockpile requirements to Congress by January 15th of every other year. The report must include 
stockpile requirements and detail the key supply-demand assumptions used in arriving at its 
recommendations. 

The United States’ industrial base depends upon global supply chains that are becoming 
increasingly complex. In general, globalization results in lower costs, more efficient supply 
chains, and access to more resources. However, globalization creates a dependency on foreign 
sources of minerals, materials, and. finished goods. 

This dependency is growing. According to the United States Geological Survey (USGS), in 
1999 the United States was at least 50 percent dependent on a foreign source for 27 out of the 
100 materials covered in its publication Mineral Commodity Summaries. By 2013, this number 
had grown to 41 materials out of 100. Many of these materials are essential to the defense, 
technology and energy sectors. For example, the United States’ import reliance on tantalum is 
100 percent, gallium 99 percent, titanium 79 percent, and cobalt 76 percent according to the 
USGS 2014 Mineral Commodity Summaries. 

Materials with Approved Acquisition Authority 

Defense Logistics Agency Strategic Materials received authorization in Section 1412 of the 
Fiscal Year (FY) 2014 National Defense Authorization Act (NDAA) to acquire six materials in 
order to mitigate their supply chain risk. Results from the 2013 Requirements Report research 
formed the basis of support for these authorizations. Congress has allocated approximately $41 
million from the NDS Program Transaction Fund (T-Fund) to purchase the materials. 
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They are 

• ferroniobium, 

• dysprosium metal, 

• yttrium oxide (including high purity jltrium oxide). 

• cadmium-zinc-tellurium substrate materials, 

• lithium-ion precursors, and 

• triamino-trinitrobenzene and insensitive high-explosive molding powders. 

Studied Materials 

For this report, the NDS Program implemented a repeatable method for identifying strategic and 
critical materials. The NDS Program monitors over 160 minerals and processed materials on a 
“Watch List” created and updated with input from industry' stakeholders and key government 
agencies. Of these 160 materials, 92 meet at least one of a set of vulnerability metrics grouped 
as follow's: 

• 68 “standard" materials for which the full suite of models known as the Risk Assessment 
and Mitigation Framework for Strategic Materials (RAMF-SM) was used; 

• 1 1 “non-standard proprietary'" materials, for which portions of the RAMF-SM models 
were used; 

• 13 “bottom up” materials analyzed by supply-chain analysis methods. 

A complete list of the materials can be found in Appendix 2a. 

It should be noted that downstream forms and multiple grades were assessed for several 
materials. The reader is referred to Appendix 2a and proprietary Appendices 2h and 6b for 
further details. 

NDS Program research identified net shortfalls for 21 materials. Requested actions and 
recommendations for stockpiling are based on net shortfall amounts. These are discussed in 
Chapter 1. 

Materials Requested for Action 

The NDS Program has already proposed actions regarding nine of the 21 materials exhibiting a 
net shortfall. These requests are based on the results of either the 2013 or analyses conducted in 
support of this 2015 Requirements Report. The requests for action on these materials are in 
various stages of approval and are presented in Chapter 1 . In alphabetical order they are 
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• boron carbide, 

• carbon fiber (five types), 

• germanium, 

• tantalum, and 

• tungsten-rhenium ingot. 

Materials Recommended for Stockpiling 

Section 12 (I) of the Stock Piling Act defines strategic and critical materials as materials that 
(A) would be needed to supply the military, industrial, and essential civilian needs of the United 
States during a national emergency and (B) are not found or produced in the United States in 
sufficient quantities to meet such need. Based on the results of the 201 5 Requirements Report 
research, the NDS Program recommends new authorities for twelve of the 21 materials 
exhibiting a net shortfall. In alphabetical order they are 

• aluminum oxide, fused crude, 

• antimony, 

• beryllium metal. 

• carbon fiber (two types), 

• chlorosulfonated polyethylene, 

• europium, 

• germanium, 

• lanthanum, 

• magnesium, 

• manganese metal, electrolytic, and, 

• silicon carbide fiber, multifilament. 

Alternative Mobilization Periods 

Section 14b of the Stock Piling Act mandates the Secretary shall base the national emergency 
planning assumptions on a military conflict scenario consistent with the scenario used by the 
Secretary in budgeting and defense planning purposes. Section 14d of the act further mandates 
inclusion of ... “the effects of alternative mobilization periods and other military conflict 
scenarios on the recommendations”. 
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Specifically, the law mandates that the Department of Defense (DoD) conduct analysis of 
alternative cases that incorporate more stressful assumptions about the nature and duration of the 
national emergency, international environment, and LI.S. response. Chapter 3 of this report 
examines several different alternative cases including the Closed Economy case described in 
Chapter 3.4. 

Table 1 summarizes the gross shortfalls (shortfalls prior to anticipated market-based responses 
by private industry) for each alternate case and the closed economy case. 


Table 1: Gross Shortfalls for Alternate (Alt) Cases and Closed Economy (CE) Case 



Base Case 

Alt I 

Aim 

Alt 111 

Alt IV 

CE 

Number of 

materials in 
gross shortfall 

30 out of 92 

24 out 

of 68 

24 out of 

68 

24 out 

of 68 

24 out of 

68 

48 out of 

68 

Value (million) 

$3,183 

$3,694 

$3,657 

$3,594 

$3,557 

$29,142 


Note: The Alternate Cases and Close Economy scenarios were modeled without consideration of 
domestic single points of failure and only considered 68 materials that met the minimal data 
requirements for RAMF-SM, 


Structure of the Report 

The Strategic and Critical Materials 2015 Report on Stockpile Requirements follows the 
structure of Section 14a of the Stock Piling Act. The main report consists of four parts: 
Recommendations; National Eimergency Planning Assumptions; Recommendations under 
Alternative Mobilization Periods and Conflict Scenarios; and. Plans of the Stockpile Manager. 
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Part 1: The Secretary's Recommendations for 
the National Defense Stockpile 

Chapter 1.1 Materials Recommended for Stockpiling 

This 201 5 Report on Stockpile Requirements identifies net shortfalls under Base Case conditions 
and/or single points of failure for 21 materials of the 85 materials identified as vulnerable to a 
shortfall. The shortfalls were generated by one of the following research processes: a top-down 
methodology; a bottom up methodology; or, extensive supply chain research conducted in 
response to requests from the Congress, the Department of Defense (DoD) or military services. 

A description of these materials’ major defense applications, supply conditions and, net import 
reliance is provided in Table 1.1.1 below. 


Table 1.1.1: Overview of Materials Identified to Be in Net Shortfall 


Material 

Key Defense Applications 

Supply 

Conditions 

U.S. Net 
Import 
Reliance 
(percent of 
demand) 

Aluminum oxide, 
fused crude 

Abrasive/milling products, clay 
building materials, refractories 
manufacturing, soaps and cleaners. 

Foreign reliance; 
U.S. imports 
from China and 
Venezuela. 

1 00 percent 

Antimony 

Military lead-acid batteries, indium 
antimonide semiconductors for FLIR 
systems and IR missiles, fuses, small 
amts ammunition, mortar rounds, 
artillery projectiles, and flame 
resistant textiles and plastics. 

No U.S. mine, 
single U.S. 
smelter. U.S. 
imports from 

China and 

Mexico. 

85 percent 

Beryllium metal 

ISR guidance systems, chassis and 
support arm/beam components, 
neutron reflectors and X-ray 
mirrors. 

Withheld (W)' 

Net exporter 

Boron carbide 

Ceramic body armor plate, aircraft 
and ship armor panels. 

W 

W 


“ Data designated as proprietary, classified or sensitive is withheld and may be found in the proprietary or classified 
appendices as appropriate. 
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Table 1.1.1: Oven iew of .Materials Identified to Be in Net Shortfall (continued) 


Material 

Key Defense Applications 

Supply 

Conditions 

U.S. Net 
Import 
Reliance 
(percent of 
demand) 

Carbon Fiber 
(Seven types) (1) 

Rocket motors, missiles, pressure 
vessels, manned and unmanned 
military aircraft, helicopters blades, 
commercial space launch vehicles, 
and satellites. 

w 

W 

Chlorosulfonated 
polyethylene 
(CSM, a type of 
synthetic rubber) 

Tires, hoses, lining for clothing. 

Foreign reliance; 
U.S, imports 
from .lapan and 
China. 

1 00 percent 

Europium 

Phosphors, polishing powders, and 
ceramics. 

Minimal U.S. 
production. 

>90 percent 

Germanium 

Fiber optics, infrared optics, 
polymerization catalysts, 
electronics and solar cells. Key 
defense applications include missile 
guidance and solar cells for 
satellites. 

Minimal U.S. 
production. 

85 percent 

Lanthanum 

NiMH batteries and fluid cracking 
catalysts. 

The U.S. has one 
producer. 

74 percent 

Magnesium 

Helicopter transmission housings, 
armor applications, broadcast and 
wireless communication 
equipment, radar equipment, 
torpedoes, anti-tank ammunition 
rounds, batteries, flare and 
ordinance applications, and infrared 
and missile countermeasures. 

Single point of 
failure. 

25 percent 
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Tabic 1.1.1; Overview of Materials Identified to Be in Net Shortfall (continued) 


Material 

Key Defense Applications 

Supply 

Conditions 

U.S. Net 
Import 
Reliance 
(percent of 
demand) 

Manganese metal, 
electrolytic 

Steel alloys, aluminum alloys, and 
super alloys. 

Foreign reliance; 
U.S, imports 
from China and 
South Africa. 

1 00 percent 

Silicon carbide 
fiber, 

multifilament 

Reinforcement of plastic and 
ceramic composites mainly for 
aerospace and missile defense. 

Minimal U.S. 
production. 

>90 percent 

Tungsten ores and 
concentrates 

High-temperature superalloys used 
in military turbine engines, 
tungsten filaments for electronics 
and lighting and armor-piercing 
ammunition are key defense uses. 

Single U.S. mine 
and other 
possible single 
points of failure 
along supply 
chain. Most 
tungsten 
worldwide is 
mined and 
refined in China. 

40 percent 

Tungsten-rhenium 
(W-Re) alloy 

Military turbine engines; filaments 
for electronics and lighting; 
microwave tubes for radar 
technologies. 

Foreign reliance; 
sole U.S. 
manufacturer 
exited tungsten- 
rhenium wire 
business in 2013. 

100 percent for 
W-Re wire 

Yttrium oxide, 
high purity 

W 

Foreign reliance 

1 00 percent 


(1) A request for action for five types of carbon fiber is pending. In the FY20I5 Requirements Report, 
the NDS Program is recommending acquisition of two additional types of carbon fiber, bringing the total 
acquisition to seven types. 


Based on recent prior editions of the Requirements Report as well as other previous research, the 
National Defense Stockpile (NDS Program) Program has already requested approval to stockpile 
nine of these 21 materials. These nine materials are: boron carbide, carbon fiber (five types), 
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germanium, tantalum, and tungsten-rhenium ingot. The nine materials requested for stockpiling 
are summarized in Table 1.1.2 below. 


Tablet. 1.2: Materials Already Requested for Stockpiling 


Material 

Reason for Shortfall 

Requested Action 

Boron carbide 

Foreign market 
dominator. 

Stockpile ceramic-grade boron 
carbide; quantity withheld. 

Carbon fiber (five types) 

Import reliance. 

Stockpile five types; quantity 
withheld. 

Germanium 

Single point of failure; 
high import reliance. 

Stockpile 6,346 kilograms. 

Tantalum 

Import reliance; conflict 
mineral. 

Stockpile an additional 187,000 
pounds tantalum. 

Tungsten-rhenium ingot 

Single point of failure. 

Stockpile 5,000 kilograms of 
tungsten-rhenium alloy ingot 


In addition to the pending actions on the nine materials mentioned above, the NDS Program is 
recommending twelve new materials for stockpiling in this Report. Table 1.1.3 summarizes 
these recommendations and provides a rationale for the net shortfall. 


Tablet. 1.3. Materials Recommended for Stockpiling 


Material 

Reason for Shortfall 

Recommended 

Action 

Aluminum oxide, 
fused crude 

High import reliance. 

Legislative authority to purchase up to the 
shortfall amount of 1 8.268 short tons. 

Antimony 

Single point of failure and 
high import reliance. 

Ixgislative authority to purchase up to the 
shortfall amount of 1 3, 1 1 8 short tons. 

Beryllium metal 

Single point of failure. 

W 

Carbon fiber (two 
types) 

Import reliance. 

Legislative authority to purchase up to the 
shortfall amount. 
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Table 1.1.3 Materials Recommended for Stockpiling (continued) 


Material 

1 

Reason for Shortfall 

Recommended 

Action 

Chlorosulfonated 

polyethylene 

High import reliance. 

Legislative authority to purchase up to the 
shortfall amount of 216 metric tons. 

Europium 

High import reliance; 
single point of failure. 

Legislative authority to purchase up to the 
shortfall amount of 37 metric tons oxide. 

Germanium 

High import reliance. 

Legislative authority to purchase up to the 
shortfall amount of an additional 10,000 
kilograms of germanium metal. 

Lanthanum 

High import reliance; 
single point of failure. 

Legislative authority to purchase up to the 
shortfall amount of 820 metric tons oxide. 

Magnesium 

Single point of failure. 

Legislative authority to purchase up to the 
shortfall amount of 5,422 metric tons. 

Manganese metal, 
electrolytic 

High import reliance. 

Legislative authority to purchase up to the 
shortfall amount of 1,480 short tons. 

Silicon carbide 
fiber. 

multifilament 

High import reliance. 

Legislative authority to purchase up to the 
shortfall amount. 
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Chapter 1.2 Shortfall Estimation 


Introduction 

Defense Logistics Agency - Strategic Materials analysts calculated the shortfalls in this report 
using two methods. The first is a “top-down” method. This method calculates shortfalls from a 
large collection of economic data using formal econometric models that are described below. 
Previous requirements analyses used this method exclusively. The second is a “bottom-up” 
method and is used when the demand and supply data is insufficient for formal econometric 
modeling or when the top-down method was unable to pick up supply chain issues. The 
following provides detailed descriptions of each method. 

Top-Down Methodology 

The top-down economic method utilizes a process named the Risk Assessment and Mitigation 
Framework for Strategic Materials (RAMF-SM). RAMF-SM consists of a suite of modeling and 
simulation tools developed by the ln.stitute for Defense Analy.ses (IDA) and the University of 
Maryland Inter-industry Forecasting Project (IN FORUM). The process determines if the nation 
may experience material shortfalls in the event that a national emergency occurs. 

Four models and simulations are used to conduct strategic and critical material supply modeling. 
The Long-term Inter-industry Forecasting Tool (LIFT) and Inter-industry Large-scale Integrated 
and Dynamic (Iliad) models are from INFORUM. These economic input/output models forecast 
civilian industrial demand, base military demand, and industrial supply. The Forces 
Mobilization Model (FORCEMOB) computes the extraordinary military demand for combat 
weapons, munitions, and combat support material. These calculations produce material demands 
to accommodate the extra military demand for the national emergency being modeled. 

The Stockpile Sizing Module (SSM) then compares material supplies against material demands. 
The difference is the gross shortfall. For the materials that exhibit a gross shortfall, the model 
considers possible mitigation actions from the private sector that could offset either all or part of 
the gross shortfall. Materials are in net shortfall when actions by the private sector are 
insufficient to offset the entire gross shortfall. Further details of these methods are contained in 
Chapter 2 and Appendix 2. 

Bottom-Up Methodology 

The Bottom-Up method evaluates potential shortfalls by conducting fundamental research using 
primary sources. The NDS Program uses this method when it has access to some demand and 
supply data but lacks the specificity needed for formal econometric modeling or to detect supply 
chain issues. The Bottom-Up method is usually applicable for semi-processed materials or for 
materials that are proprietary to a single company and qualified for defense platforms. 
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NDS Program analysts build demand projections using data that are as specific as possible to the 
final application for the material. Often, this involves interviews with customers, military 
services program managers and weapons system forecasts. Analysts base supply projections 
upon an in-depth analysis of an entire supply chain. NDS Program analysts move from one end 
of the supply chain to the other, stopping at each node to probe for potential risks. Potential risks 
include lack of domestic capacity, unreliability of domestic capacity, concentration of foreign 
capacity in the hands of potentially unfriendly nations, and competition with other nations for 
scarce resources. NDS Program analysts combine production capacity estimates with demand 
projections to produce shortfall estimates under a conflict scenario. 

Summary of Shortfall Materials 

As mandated by the Stock Piling Act, Section 14b, the NDS Program models a national 
emergency scenario “consistent with the scenario used by the Secretary in budgeting and defense 
planning purposes.” This report refers to this set of national emergency planning assumptions as 
the “Base Case.” The NDS Program modeled supply and demand for materials under Base Case 
assumptions. This determined which materials might have insufficient supplies to meet defense, 
essential civilian and, industrial needs during a national emergency. 

The model generated two types of shortfall: gross and net. Gross shortfalls are simply supply 
minus demand, whereas net shortfalls account for anticipated actions by industry that would 
mitigate a portion of or the entire gross shortfall for some materials. Industry actions considered 
include substitution, thriftiness, and extra buys. 

If market responses are insufficient to eliminate a shortfall, the government may act to close the 
gap. Authorities available to the government include the Defense Priorities and Allocation 
System (DPAS), Title 111, Manufacturing Technology (ManTech) Program, and stockpiling. 
Consistent with Section 1 4 of the Stock Piling Act, this report focuses exclusively on stockpiling. 

In past editions of this report, the Congress mandated that the NDS Program report on material 
shortfalls under the approved Base Case scenario within the context of the U.S.’s reliance upon 
foreign sources for strategic and critical materials. However, in Section 1412 of the FY 2013 
NDAA, Section 2(b) of the Strategic and Critical Materials Stock Piling Act (50 U.S.C. 98 a (b)) 
was amended to also include an assessment of “single points of failure” in addition to foreign 
reliance. 

In accordance with this recent revision to the Stock Piling Act, the model considers reliance on 
single points of failure in addition to foreign reliance. This report considered domestic single 
points of failure for beryllium, fluorspar, magnesium, and rare earth elements. Analyzing both 
foreign reliance and single points of failure resulted in 30 materials exhibiting a gross shortfall 
totaling $3,183 billion. Of these 30 materials, the top-down modeling method (RAMF-SM) 
identified gross shortfalls for 26 materials w'hile the bottom-up method or other approaches 
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found gross shortfalls for four additional materials. Of the 30 total materials exhibiting gross 
shortfalls, 21 have net shortfalls totaling approximately $389 million. 

A subset of the materials evaluated have such a small supplier base that much of the data 
gathered is proprietary. In these in.stances, this report shows a “W," for "Withheld", in place of a 
numerical value. Withheld data is available in proprietary or classified appendices as 
appropriate. 


Table 1.2.1: Shortfall Materials and Quantities 


Number 

Material 

Gross 

Shortfall 

Unit 

Shortfall i 

1 

1 

Aluminum oxide, fused crude 

281,441 

18,268 

short tons 

2 

Antimony 

26.187 

13,118 

short tons 

3 

Beryllium metal 

W 

W 

short tons 

4 

Borosilicate floated glass (one 
type) 

7.375 

0 

metric tons 

5 

Boron carbide 

W 

W 

metric tons 

6- 12 

Carbon fiber (seven types) 

W 

W 

metric tons 

13 

Chlorosulfonated polyethylene 

1,271 

216 

metric tons 

14 

Dysprosium 

7 

0 

metric tons 
oxide 

15 

Europium 

65 

37 

metric tons 
oxide 

16 

Fluorspar, acid grade 

1 17.779 

0 

short tons 

17 

Germanium 

29.176 

17.002 

kilograms 

18 

Graphite 

82.612 

0 

metric tons 

19 

Lanthanum 

4,381 

820 

metric tons 
oxide 

20 

Magnesium 

105.097 

5,422 

metric tons 

21 

Manganese metal, electrolytic 

9,490 

1,480 

short tons 
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Table 1.2.1: Shortfall Materials and Quantities (continued) 


Number 

Material 

Gross 

Shortfall 

Net 

Shortfall 

Unit 

22 

Rubber (natural) 

555.653 

0 

long tons 

23 

Silicon carbide fiber, 
multifilament 

W 

W 

short tons 

24 

Silicon carbide 

28,495 

0 

short tons 

25 

Tantalum 

33,990 

0 

pounds Ta 

26 

Tin 

8,911 

0 

metric tons 

27 

Tungsten 

26,581,064 

4,116,169 

pounds W 

28 

Tungsten-rhenium alloy 

W 

W 

kilograms 

29 

Yttrium 

26 

0 

metric tons 
oxide 

30 

Yttrium oxide 

W 

W 

metric tons 


Demand Assessment 

Generating an estimate of demand for a material requires a comprehensive understanding of the 
material, its applications, and the factors that influence demand for each of its applications. To 
this end, NDS Program analysts ascertain what applications use the material, how demand for 
those applications is likely to change, potential uses for the material in new or different 
applications, and how price changes may affect demand. NDS Program analysts investigate the 
availability of substitutes for the downstream applications, and any disadvantages or difficulties 
in switching to these substitute(s). If demand for an application is tied to the performance of the 
domestic or global economy, then macroeconomic factors are considered as well. 

NDS Program analysts rely heavily upon targeted research methods, especially interviews with 
material customers, distributors, systems integrators, industry experts, and scientific experts, IN 
addition, analysts obtain valuable information via collaboration with other Department of 
Defense (DoD) agencies. NDS Program analysts also make use of open source and proprietary 
databases that contain information on the material content of DoD parts. 

Supply Assessment 

A supply chain assessment of a particular material begins with a mapping of the entire supply 
chain. NDS Program analysis perform an in-depth investigation of each node of the supply 
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chain, testing for weaknesses that may prevent the U.S. from obtaining the material in sufficient 
quantities during a conflict scenario. 

NDS Program analysts examine whether demand for the material can be satisfied with current 
U.S. production. If so, NDS Program analysts investigate the health of the domestic supply base. 
NDS Program analysts pay special attention to the reliability and viability of single or sole 
sources of production. Variables such as the financial health, vulnerability to natural disasters or 
labor issues, level of exposure to DoD contracts and, their quality-control procedures are 
considered. NDS Program analysts also explore barriers to entry and consider how more firms 
could be encouraged to enter particular markets. Some of the more important barriers to entry 
include qualification (i.e. the inspection, testing, and certification of the facilities used for 
production, and the materials produced, to insure they meet required specifications for intended 
purposes) of the facility and product; financing; intellectual property rights; technical 
knowledge: limited defense orders; and, lack of skilled labor, 

U.S. reliance on imports creates a new set of issues. Significant concentration of supply in one 
or just a few countries for materials W'ith high import reliance raises diplomatic and political 
concerns. NDS Program analysts assess the likelihood of export controls and other actions that 
may restrict future access to those markets. From a risk mitigation perspective, NDS Program 
analysts consider the U.S.’s ability to obtain an increased share of global production in the event 
of a conflict scenario. 

Substitution is an important area of study. NDS Program analysts examine whether potential 
substitutes create performance and cost issues. In addition, NDS Program analysts identify 
whether the substitutes are currently qualified into DoD applications and evaluate any barriers to 
qualification. Further, NDS Program analysts assess whether a switch to a substitute would 
cause dislocations further down the supply chain. 

Assessing material supply chains is a complex and unique undertaking. For example, long 
production lead times can result in supply shortfalls even in the presence of ample capacity. In 
these cases, NDS Program analysts check for sufficient inventory levels at manufacturers and 
distributors. Sometimes, new commercial uses for an application can create unforeseen 
shortages and the NDS Program tries to anticipate such developments. Often, stringent military- 
specifications render much of the world’s supply of a particular material unusable for defense 
purposes. Supplier country reliability is yet another consideration. In some cases, a reliable 
supplier’s facilities may be located in a non-friendly country. 

Potential Shortfalls and Recommendations 

To produce shortfall estimates. The Defense Logistics Agency Strategic Materials evaluates 
demand projections and supply considerations under an approved conflict scenario. Shortfall 
estimates inform stockpiling recommendations. 
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Chapter 1.3 Basis for the Recommendations and Plans 
Material Initial/Gross Shortfalls 

There were 79 materials modeled using the Risk Assessment and Mitigation Framework for 
Strategic Materials (RAMF-SM) process either in whole or in part and an additional 13 materials 
modeled using either a bottom-up approach or other methods. With the material list, 
methodology, data, and assumptions in place, the following process steps were taken to estimate 
gross material shortfalls: 

• Forecast the demand for goods and services needed over the four-year scenario period 
under the Base Case national emergency conditions, 

• Determine the materials needed to produce the goods and services to satisfy these 
demands, and 

• Determine the available supply of materials, taking into account that domestic single 
points of failure may be unable to provide material during a future national emergency 

• Compare material supply with the material requirements, and compute the shortfalls. 

Gross shortfalls do not account for private sector market responses to the national emergency. 
The term "net shortfalls” is used for the shortfalls that remain after those responses are modeled 
as discussed in the following chapter. 

Shortfall Results and Discussion 

As explained in the Executive Summary and, in keeping with the Stock Piling Act as amended, 
this report considers single points of failure in addition to reliance upon foreign suppliers. This 
report considered domestic single points of failure for beryllium, fluorspar, magnesium, and rare 
earth elements. Under this construct, 30 materials exhibit a gross shortfall totaling $3. 1 83 
billion. Of these 30 materials, the top-down modeling method identified gross shortfalls for 26 
materials while the bottom-up method or other approaches found gross shortfalls for four 
materials. 

Table 1.3.1 lists gross shortfalls for non-proprietary materials shown both in units and in 
monetary terms, evaluated with prices as of spring 2014.' The demand, supply, and price 
information for certain materials is proprietary. Accordingly, the shortfall amount and/or dollar 
values for these materials are withheld. Appendix 2h, w'hich is proprietary, provides these 
shortfall amounts, along with other information about those materials. 


' The material supply-demand comparison is done in terms of quantities of materials; prices are used to provide a 
common unit of measure for presenting the shortfall results. 
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Table 1.3.1: Estimated Gross Shortfall Quantities 
(all dollar figures are rounded) 


Number 

Material 

Gross 

Shortfall 

Unit 

Gross 

Shortfall 
(S, million) 

t 

Aluminum oxide, 
fused crude 

281.441 

short tons 

$143.00 

2 

Antimony 

26,187 

short tons 

$222.00 

3 

Beryllium metal 

W 

short tons 

W 

4 

Borosilicate floated 
glass (one type) 

7,575 

metric tons 

W 

5 

Boron carbide 

W 

metric tons 

W 

6-12 

Carbon fiber (seven 
types) 

W 

metric tons 

W 

13 

Chlorosulfonated 

polyethylene 

1.271 

metric tons 

$11.00 

14 

Dysprosium 

7 

metric tons 

oxide 

$3.30 

15 

Europium 

65 

metric tons 

oxide 

$60.00 

16 

Fluorspar, acid 
grade 

117,779 

short tons 

$32.60 

17 

Germanium 

29.176 

kilograms 

$37,00 

18 

Graphite 

82,612 

metric tons 

$120.00 

19 

Lanthanum 

4,381 

metric tons 

oxide 

$50.00 

20 

Magnesium 

105.097 

metric tons 

$469.00 
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Table 1.3.1: Estimated Gross Shortfall Quantities(continued) 
(all dollar figures are rounded) 


Number 

Materia! 

Gross 

Shortfall 

Unit 

Gross 

Shortfall 
($, million) 

21 

Manganese metal, 
electrolytic 

9,490 

short tons 

$24.60 

22 

Rubber (natural) 

555,653 

long tons 

$1,136.00 

23 

Silicon carbide 
fiber, multifilament 

W 

short tons 

W 

24 

Silicon carbide 

28,495 

short tons 

$21.00 

25 

Tantalum 

33,990 

pounds Ta 

$6.25 

26 

Tin 

8.911 

metric tons 

$209.00 

27 

T ungsten 

26.581,064 

pounds W 

$359.00 

28 

Tungsten-rhenium 

alloy 

W 

kilograms 

W 

29 

Yttrium 

26 

metric tons 

oxide 

$0.42 

30 

Yttrium oxide 

W 

metric tons 

W 

Total 

S3, 183 


The majority of the gross shortfalls represent unsatisfied civilian demand totaling $2.91billion. 
The defense gross shortfalls, totaling $273 million result because the materials in question have 
single-source foreign producers or domestic single points of failure, the supply from which is 
explicitly prohibited from being used to satisfy defense demand (see Appendix 2d).'’ Materials 
that exhibit defense shortfalls include beryllium, borosilicate glass, boron carbide, carbon fiber 
(seven types), chlorosulfonated polyethylene, silicon carbide fiber - multifilament, tungsten- 
rhenium wire and, yttrium oxide (high purity). There is one shortfall material in the emergency 


^Supplies from countries that dominate the market are not allowed to offset defense or emergency investment 
demand. This restriction is imposed to guard against the risk that is intrinsically associated with a concentrated 
supply source. 
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investment category. 

Almost all of the civilian shortfalls occur in the first year of the scenario. One material, fused 
crude aluminum oxide, also has a civilian shortfall in the second year. The defense shortfalls 
tend to be ongoing throughout the scenario. Chlorosulfonated polyethylene (CSM) is a special 
case in that it has a first year civilian shortfall and an ongoing defense shortfall. 

Overview of Market Response and Net Shortfalls 

As the national emergency scenario commences, the private sector may engage in a number of 
different ways to reduce these shortfalls, resulting in net shortfalls that are considerably lower 
than the gross shortfalls. Both demand- and supply-side market responses may ameliorate or 
even eliminate gross shortfalls in the event of the national emergency postulated in the Base 
Case. This chapter describes the market response rationale and expands on the concept of net 
shortfall. 

Market Response Rationale 

Faced with shortfalls and rising prices for raw materials under national emergency (Base Case) 
conditions. U.S. manufacturers are likely to reduce demand for scarce materials as well as 
procure additional material supplies from available sources. At the same time, raw materials 
suppliers are likely to respond to higher prices by ramping up production. This behavior can be 
characterized as private sector “market responses.’^* 

The Department of Defense (DoD) evaluated a range of potential market responses to offset or 
reduce the estimated Base Case gross shortfalls. The selected market response approach 
involved three elements: conservation/thriftiness, substitution, and an “extra self' to the U.S. by 
selected foreign producers. These selected market responses are used to calculate net shortfalls 
which form the basis of the NDS Program’s stockpiling recommendations. 

Following standard economic theory, DoD postulated that material end-users would attempt to 
reduce the use of scarce materials in an environment of rising prices by engaging in 
conservation/thriftiness measures and substitution. Material end-users would also try to find 
additional sources of supplies for these scarce materials, albeit at premium prices, to meet their 
es.sential material demands for production. These initiatives are likely to occur even if there are 
no specific government actions taken to promote these efforts. 

Net Shortfall Results 

DoD’s selected market responses produce a set of net shortfalls for each material that exhibited a 
gross shortfall. When the three types of market responses are aggregated they generate quite 


^ In the context of the Ri.sk Assessment and Mitigation Framework ~ Strategic Materials (RAMF-SM) process and 
steps, the market response feature is considered step “2D.” 
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significant reductions in gross shortfalls for several materials. Table 1.3.2 summarizes these 
results. Of the 30 materials exhibiting a gross shortfall, the combined market responses 
eliminate the shortfall for nine non-proprietary materials and ameliorate the shortfall for nine 
non-proprietary materials. Shortfalls for twelve materials are proprietary and are summarized in 
the proprietary appendices. 


Tabic 1.3.2: Estimated Shortfall Quantities 


Number 

Material 

Gross 

Shortfall 

(Unit) 

Net Shortfall 
(Unit) 

Unit 

Net 

Shortfall 

(SM) 

1 

Aluminum oxide, 
fused crude 

281,441 

18,268 

short tons 

$9.28 

2 

Antimony 

26.187 

13,118 

short tons 

$111.27 

3 

Beryllium metal 

W 

W 

short tons 

W 

4 


7,575 

0 

metric tons 

$0.00 

5 

Boron carbide 

W 

W 

metric tons 

W 

6- 12 

Carbon fiber 
(seven types) 

W 

W 



13 

Chlorosulfonated 

polyethylene 

1,271 

216 



14 

Dysprosium 

7 

0 

metric tons 
oxide 

$0.00 

15 

Europium 

65 

37 

metric tons 
oxide 

$34.42 

16 

Fluorspar, acid grade 

1 17,779 

0 

short tons 

$0.00 

17 

Germanium ( 1 ) 

29,176 

17,002 

kilograms 

$21.68 

18 

Graphite 

82,612 

0 

metric tons 

$0.00 

19 

Lanthanum 

4,381 

820 

metric tons 
oxide 

$9.43 

20 

Magnesium 

105,097 

5,422 

metric tons 

$24.21 

21 

Manganese metal, 
electrolytic 

9,490 

1,480 

short tons 


22 

Rubber (natural) 

555,653 

0 

long tons 

miQiiiiiiiiim 
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Table 1.3.2: Estimated Shortfall Quantities (continued) 


Number 

Material 



Unit 

Net 

Shortfall 

(SM) 

23 

Silicon carbide fiber, 
multifilament 

W 

W 

short tons 

W 

24 

Silicon carbide 

28,495 

0 

short tons 

$0.00 


Tantalum 

33.990 

0 

pounds Ta 

$0.00 


Tin 

8,911 

0 

metric tons 

$0.00 

27 







Tungsten-rhenium 

alloy 

W 

W 

kilograms 

W 

29 

Yttrium 

26 

0 

metric tons 
oxide 

$0,00 

30 

Yttrium oxide (high 
purity) 

W 

W 

metric tons 

w 

Total 

S389.16 


*'*The stockpiling recommendation for germanium is for 10,000 kilograms at a cost of $13,6 million in 
addition to the 6.346 kilograms already requested. 

*^*The NDS Program holds tungsten ores & concentrates in inventory and is not recommending 
stockpiling this material. The NDS Program has requested tungsten-rhenium alloy (quantity withheld) for 
the stockpile. 

Demand-Side Market Responses 

Conservation or thriftiness responses may be viewed as an immediate market response to 
shortfalls and premium prices faced in the context of the Base Case. By practicing thrift, 
producers try to use less of a scarce and/or very highly priced input in their production processes. 
By being more careful with material use (e.g., reducing waste, improving process yields, etc.), 
producers may be able to produce at a relatively constant rate while reducing the amount of 
material consumed. To assess the near-term conservation or thriftiness potential in the U.S., 

DoD has estimated the reduction to the gross shortfalls that would occur if U.S. buyers are able 
to produce key items using the low'est observed material consumption ratios (MCRs) under the 
20 1 5 Base Case assumptions for the various gross shortfall materials. 
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In addition to thriftiness reductions, buyers may also undertake immediate substitution efforts as 
quickly as possible to further reduce usage of the shortfall materials. The potential for 
immediate substitution of other materials, or of functional substitutes, for the Base Case shortfall 
materials is significant for a number of those materials (although for some the potential for 
immediate substitution is very limited). 

Supply-Side Market Responses 

In addition to the plausible demand-side market responses to the gross Base Case shortfalls, DoD 
also expects buyers to try' to obtain additional supplies of the shortfall materials from willing 
sellers, both U.S. and foreign. The Base Case gross shortfalls already include all U.S. suppliers’ 
production as part of the supply assumed to be available. However, the Base Case gross 
shortfalls only include the regular market share of reliable foreign suppliers' production as 
initially available. It is assumed to be possible for U.S. buyers to obtain a larger-than-normal 
share of extra production that reliable foreign suppliers could produce (albeit at premium prices). 
Such “extra sells” to the U.S. have occurred during past conflicts. During such engagements, 
imports of certain materials exhibited sharp increases associated with the beginning and 
cessation of hostilities.^ 

As mentioned previously, suppliers have incentive to produce at higher-than-normal levels under 
the higher prices that would naturally result during shortage conditions brought about by a 
national emergency. These premium prices vary by material, but may range from two to more 
than six times peacetime prices. The increase in material prices and resulting increase in 
production (beyond estimated peacetime production) affords the U.S. with the opportunity to 
gain a share of the previously unused foreign capacity.'’ 

In implementing this “extra sell” from foreign suppliers to U.S. buyers, DoD has imposed certain 
country-specific restrictions. Rather than assuming all countries are equally willing to sell a 
component of their extra production to the U.S., or imposing a country-specific reliability 
factor,’ the DoD has decided to assume an “extra sell” from a select set of countries. The Base 
Case “extra sell” market response component includes Canada, Japan and those countries that 
have entered into bilateral Security of Supply Arrangements (SOSAs) or a Memorandum of 
Understanding (MOU) with the United States, based upon the assumption of their reliability 
(ability and willingness) to offer extra sells.* 

These countries arc deemed reliable enough to allow the U.S. to obtain a larger-than-normal 
share of extra foreign production, up to 50 percent of the remainder of the extra production. 
While demand-side responses appear to more significantly reduce the estimated gross shortfalls 

^Additional details on wartime material import spikes (e.g., tungsten) are available in Appendix 3. 

^ The algorithm used to calculate the extra sell percentage appears in Appendix 3. 

’ See Appendices 2 and 3. 

The United States has SOS.As in place with .Australia, Finland, Italy, Netherlands, Sweden, and the United 
Kingdom, The United States has an MOU in place with Canada. 
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than the supply-side market response considered for this report, this is, in part, a reflection of the 
conservative characteristics of the supply-side market response selected. 
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Part 2: National Emergency Planning Assumptions 

Chapter 2.1 The Filter Research Process 

The National Defense Stockpile (NDS Program) research process conducted in accordance with 
Section 14a of the Strategic and Critical Materials Stock Piling Act (50 U.S.C. 98 et seq) begins 
with a list known as the “Watch List.” In order to prioritize materials by level of importance, the 
Watch List is sorted by a variety of metrics so that the NDS Program can focus on the materials 
of most concern. The Watch List is developed in conjunction with other material selection 
processes that are described in Appendix 3a. 

The “filter process” can be thought of as a funnel with various stages or thresholds through 
which a material on the Watch List must pass before it is considered as a study candidate. It is 
important to note that not every material on the Watch List will make it all the way down the 
filter if NDS Program analysts determine that (A) the material falls outside of its purview; (B) 
the material risk is due to a price spike; (C) the cost/benefit analysis does not warrant action; or 
(D) the proposed action is beyond the authority of the NDS Program. Materials for which the 
U.S. has a foreign dependence or those for which a single point of failure (foreign or domestic) 
exists along any link/node in the supply chain receive special consideration. 

The NDS Program employs a staff of experienced economists and market analysts that 
continuously monitor materials markets for “trading anomalies.” These anomalies can take a 
variety of forms and can be characterized as short-term (tactical) or long-term (strategic) 
disturbances. In the short-term price spikes, industrial accidents, infrastructure problems, labor 
action, natural disaster, terrorism, or logistics bottlenecks can cause short- and medium-term 
disruptions (defined as 6 months to one year) in the flow of materials. The analytical process 
involves determining the nature, cause, severity and consequences of these short-term 
disturbances. Some of the factors contributing to the severity of a supply disruption include the 
closure or temporary idling of a key link in the defense industrial base; a reliance on a sole or 
single source supplier that is financially, competitively or operationally weak; and, the partial or 
complete stoppage in the flow of a required material due to, for example, force majeure (Act of 
God or chance occurrence), or the increased reliance on a foreign supplier. 

Trading anomalies can also involve long-term disruptions to supply chains and material flows. 
These types of disturbances typically encompass longer term “megatrends” that take years and 
often decades to play out. Megatrends are long-term societal shifts that change not only the type 
but very nature of human activity. These include things like technological change, major 
changes in the composition of the economy, industrialization (and de-industrialization) and, 
demographic shifts just to name a few. 
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Figure 2.1.1 : Research Process for Stockpiling Materials 


Economic Research 

As mentioned above, NDS Program economists conduct continual market surveillance and 
forecasts of global markets. In order to conduct their work, they maintain subscriptions to 
industry journals, news agencies, and trading platforms, as well as access to research from 
consultants, academia, govemment-run laboratories and other government agencies on the global 
market for materials. The NDS Program works with private industry and the military to 
ascertain and evaluate both short- and long-term material availability, industrial base capability, 
and supply chain vulnerabilities for strategic and critical materials. 

Demand side analysis presents additional challenges due to the difficulty in estimating DoD 
demand for materials that are often buried deep in the supply chain several tiers below the 
systems integrator, original equipment manufacturer (OEM) or even Tier 1 suppliers. While 
many OEMs and Tier 1 suppliers expend enormous effort and resources to understand their 
supply chain, full knowledge of the complete materials supply chain is simply not practicable or 
feasible in many cases. Furthermore, the DoD is typically a small buyer of materials in both 
volume and value-added terms. Developments in the commercial sector are what really “drive" 
the demand for materials. Fortunately, there is a rich body of data available from governments, 
private consulting groups, associations, non-profits, and some of the lower tier companies 
themselves that can greatly facilitate demand-side analysis for materials. 
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Forecasting mineral and metal supply is also fraught with uncertainty. Estimating the amount of 
a resource involves complex statistical sampling techniques, geological data and an 
understanding of the morphology of the underlying resource. The NDS Program has access to 
the expertise and data provided by the United States Geological Survey (USGS). Each year, the 
USGS publishes the Mineral Commodities Summary - a compendium of data and information 
on global mine supply for many of the materials of interest to the NDS Program. The NDS 
Program uses USGS and other data to assemble production and capacity estimates globally and, 
where possible, by country/region. 

Downstream Assessments 

Materials with shortfalls under Base Case conditions or materials with a real-time requirement 
from a military service or defense agency program office will receive downstream supply chain 
assessments. Downstream assessments are supply chain “deep dives” that deconstruct the supply 
chain in further detail. A deep dive goes beyond the top line analysis of the raw material to 
include subsequent supply nodes, the components that are manufactured from those materials, 
where they are manufactured, by whom and, in some cases, which weapons systems they 
support. The deep dive is an intrinsically investigative process requiring data integration, search 
and discovery, knowledge management, and collaboration. In order to facilitate the development 
of deep dive assessments, the NDS Program partnered with Oak Ridge National Laboratories and 
technology firm Palantir Technologies to develop the Strategic Material Analysis & Reporting 
Topography (SMART) analytical tool. A more detailed discussion of SMART is presented in 
Chapter 4. 

Deep dive assessments inform and support the Business Case Analysis (BCA) which identifies 
risk consequences and recommends mitigation solutions along with the respective costs and 
benefits. From the BCA, a final Determination is developed that includes recommended actions 
(including doing nothing) along with associated costs and benefits. The BCA and Determination 
form the foundation for the legislative proposal and budgetary processes. 
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Chapter 2.2 Overview of Base Case 

Sections i4b and 14c of the Strategic and Critical Stock Piling Act require the National Defense 
Stockpile (NDS Program) to utilize the four-year national emergency planning assumptions 
referred to as the Base Case. This scenario assumes one year of conflict followed by three years 
of recovery/regeneration. The Base Case must include estimates of all relevant defense sector 
demands including those necessary to regenerate weapon systems lost and munitions expended 
in the conflict and essential civilian sector demands. The national emergency planning 
assumptions must be consistent with the scenarios used in normal Department of Defense (DoD) 
planning. 

The 2015 NDS Program Base Case scenario draws from elements of the Integrated Security 
Constructs (ISCs) for which the United States (IJ.S.) must be prepared. ISCs are classified, 
priority Defense Planning Scenarios promulgated by the Secretary of Defense for DoD 
programming and budgeting purposes. For the purpose of this analysis, the Base Case scenario 
is postulated to cover four whole years, 2017-2020. 

The conflict portion (which occurs within the first scenario year) was constructed as a hybrid to 
include the following; (1) a catastrophic attack on a U.S, city by a foreign terrorist organization 
or rogue state; (2) two near-simultaneous major combat operations (state vs. state conflicts); (3) 
war damage from a highly capable aggressor, and (4) ongoing foundational activities, (i.e., 
deterrence, forward presence, and building partner capacity). The combination of these four 
areas addresses the statutory requirements for the NDS Program Report to Congress while also 
conforming to the Office of the Secretary of Defense (OSD) Policy guidance.’ 

Replacement requirements for weapon losses and munitions expenditures in the major combat 
operations were developed by the Office of the Secretary of Defense/Cost Analysis and Program 
Evaluation (OSD/CAPE). The foundational activities are assumed not to generate any 
requirements for materials over and above those induced by DoD's Future Year Defense 
Program (FYDP) spending. 

Subsequent-year Base Case activities include repair of homeland damage, building the 
replacement requirements for the weapon losses and munition expenditures, continuing the 
foundational activities, and also continuing with regular Fiscal Year 2017-2020 FYDP 
acquisitions. 

Section 14b of the Stock Piling Act directs that the DoD describe the content of a number of 
specified national emergency planning assumptions used to estimate requirements for the NDS 


OSD Policy would like to highlight that these scenarios: (a) are estimates of future demands, (b) reflect the current 
strategy (i.e., it’s not a post-sequestration strategy), and (c) are not force-managed in conjunction with other 
contingencies. These products are in the process of being revised and there may be potential changes to forces and 
Concept of Operations (CONORS). 


26 



106 


Program. Information on each of the planning assumptions mentioned in Section 14b is 
provided below. 

The Base Case included 79 materials for RAMF-SM modeling (partial or full suite of models) 27 
of which are proprietary or classified. 

Budget and Defense Planning Scenario 

Length and Intensity of the Conflict 

The military conflict for which material requirements are calculated lasts for roughly one year. 
(Sec Appendix 2g, which is classified, for details, including information on the intensity of the 
conflict.) 

Mobilized Force 

The scenario assumes that the warning time is too short to build new forces and that the United 
States has sufficient existing forces to meet the requirements for defeating the enemy. 

Anticipated Losses 

As stated earlier, the anticipated platform losses and munitions expenditures are developed by 
OSD/CAPE, The information is classified, and appears in Appendix 2g. 

Military Requirements 

Military sector demand is estimated to be $4.05 billion (2014 dollars). The 2015 Base Case 
military sector demand represents approximately 3. 1 percent of the overall four-year Base Case 
scenario demand ($130.2 billion) for the 68 non-proprietary materials included in the Base 
Case. Base Case demand includes 68 non-proprietary materials and is the dollar value required 
over the four-year Base Case scenario for the manufacture of goods and services for the military, 
emergency investment, and essential civilian sectors. 

Industry Requirements 

Industrial, emergency investment is estimated to be $I 16 million (2014 dollars.) This represents 
less than one tenth of one percent of the overall four-year Base Case scenario demand ($130.2 
billion) for the 68 non-proprietary Base Case materials. The industrial or emergency investment, 
sector is limited to materials needed to meet requirements for new plant and equipment to 
overcome any capacity shortfalls caused by accelerated production of defense goods during the 
four-year emergency scenario period. 


See Appendix 2b for a description of the methodologj' used in calculating these demands. 
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Essential Civilian Requirements 

Essential civilian demand is estimated to be $126.1 billion (2014 dollars.) Demand by this sector 
represents approximately 96.8 percent of the overall Base Case scenario demand ($1 30.2 billion) 
for the 68 non-proprietary Base Case materials. The essential civilian sector includes the dollar 
value of those materials that are needed over the four-year scenario period in the economy for the 
manufacture of essential goods and services for the civilian sector. 

Foreign Supplies 

The available supplies of materials from foreign sources are defined as those expected to be 
available to the United States during the military conflict year and the subsequent regeneration 
period after accounting for supplier country reliability, anti-U.S. sentiment, the U.S. market- 
share, supplier country war damage, shipping losses, and "market dominator" criteria. (See 
Appendices 2b and 2d for a discussion of these factors.) The list of such supplies available 
during the roughly one year of mobilization and military conflict and each year of regeneration, 
for the materials analyzed, is considered classified and proprietary, and appears in Appendix 2g. 

Domestic Production 

Total domestic production levels are estimated for the materials considered during the roughly 
one year of military conflict and three years of regeneration. Some of the estimates are 
considered proprietary information. For this reason, the table of domestic production levels 
appears in Appendix 2h. 

Civilian Austerity Measures 

The Base Case scenario assumes that the federal government will not necessarily take any 
regulatory measures to curtail or prevent the production of none.ssential civilian goods and 
services. Nevertheless, there are decrements imposed on normal projected civilian sector 
demands for the period to eliminate nonessential civilian goods and services, in accordance with 
the requirements of the Stock Piling Act." These decrements are based on the advice of a 
working group made up of representatives from several non-Defense government agencies. See 
Appendix 2e for further details. 


" The normal projected civilian sector demands are consistent with the Council of Economic Advisors’ 2013 Mid- 
Session Review and the FY 2015 President’s Budget. 
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Part 3; Recommendations under Alternative Mobilization Periods and 
Military Conflict Scenarios 

Chapter 3.1 Recommendations under Alternate Cases 

As mandated in the Strategic and Critical Materials Stock Piling Act, the Department of Defense 
(DoD) analysis of material stockpiling requirements relies on a Base Case specifically linked to 
current national planning scenarios. 1'he law also mandates that DoD conduct analysis of 
alternative cases that incorporate more stressful assumptions about the nature and duration of the 
national emergency, international environment, and U.S. response. Part 3 of this report examines 
several different alternative cases. 

It should he noted that each Alternate Case and the Closed Economy scenario discussed in Part 
3 of this report was modeled through RAMF-SM. As such, only 68 of the 79 materials that were 
modeled either fully or partially in RAMF-SM could be treated in the Alternate Cases and the 
Closed Economy Scenario. 

Chapters 3.2 and 3.3 analyze a variety of cases that involve a number of more stressful 
assumptions, including: 

• Occurrence of additional homeland defense events; 

• More severe and/or longer-lasting disruptions to foreign trade and material imports; 

• Increased post-conflict Future Years Defense Program (FYDP) spending; 

The Alternate Cases do not consider the effect of the conflict .scenario on domestic single points 
of failure. Therefore, the Alternate Cases are compared to the Base Case results excluding the 
shortfalls that result from including domestic single points of failure. 

The term “Alternate Cases” is used to refer specifically to those cases described in Chapters 3.2 
and 3.3. 

Chapter 3.4 examines a different kind of case that involves restrictions on imports; specifically, a 
“closed economy” case in which both foreign supply of materials and imports of goods and 
services are cut off for one year, with goods and services exports also being set to zero. 

Summary of Alternate Cases Analysis 

Analysis of potential shortfalls across this range of possibilities revealed several key points. 

The most stressful Alternate Case generated a total gross shortfall (including supply from single 
points of failure) of $3.69 billion. 
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Across all Alternate Cases, civilian shortfalls comprise the vast majority (over 97 percent) of 
total shortfalls. Increased combat scenarios and post-conflict defense spending slightly increase 
defense shortfalls, but defense never accounts for more than 2.5 percent of total shortfall by 
value. 

The composition of materia! shortfalls remains relatively constant across each of the Alternate 
Cases. More stressful Alternate Cases increase the size of shortfalls, but generally do not create 
new shortfalls. 

Disruptions to foreign trade - both goods and services, and the supply of material imports - 
account for most of the civilian, and hence total, shortfalls. They do not significantly affect 
defense shortfalls. 

The occurrence of an extra homeland event does not significantly affect either civilian or defense 
shortfalls. This counter-intuitive result is explained by specific assumptions about the homeland 
event, as detailed in the classified Appendix 4. 

Increased FYDP spending increases defense specific material shortfalls, FYDP spending causes 
the majority of the defense material shortfall increases, indicating that defense material shortfalls 
are directly related to DoD spending levels. 
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Chapter 3.2 Description of Alternate Cases 

This chapter describes the Alternate Cases evaluated. These Alternate Cases are based upon the 
Base Case planning scenario but include modifications that affect both material demand and 
supply. These modifications result in increased material shortfalls, and hence, the potential 
development of different mitigation strategies stemming from these shortfalls. The individual 
modifications are termed scenarios, and for the purpose of the unclassified description, are 
referred to generically as scenario 1 , 2, or 3. 

Below is a description of the conditions and assumptions for the various Alternate Cases. 

Specific detail on the Alternate Cases and combat scenarios is available in classified Appendix 4, 

Alternate Case I 

Alternate Case 1 (AC-I) represents a plausible “worst-case scenario.” As in the Base Case, 
AC-1 models one year of conflict followed by three years of regeneration. The U.S. suffers two 
homeland attacks (as opposed to one in the Base Case). The U.S. enters combat in scenario 1 and 
scenario 3, as per the Base Case. Political tension persists even after the end of conflict. 
Adversaries supplies are withheld for an additional year as a coercive tactic, and the scenario 2 
country also imposes a trade disruption against the U.S. 

Believing that these antagonistic relations will continue, the U.S. launches a major defense build- 
up above and beyond regeneration of the base military force. Future Years Defense Program 
(FYDP) funding is increased by 50% in order to enhance conventional deterrence against 
adversaries and reassure allies of U.S. resolve. Table I presents a summary of the AC-I scenario 
assumptions. 


Table 3.2.1: AC-I Scenario Assumptions Compared to the Base Case 



Scenarios 1 

and 3 

Scenario 2 

Homeland 

Event 

FYDP 

Build-Up 

Supply 

Restriction 

Base 

Case 

Expenditure 
and attrition 

Country 

reliability 

One event 

100 

percent 

None 

One year 

AC-1 

Expenditure 
and attrition 

Country 

reliability 

fwo events 

150 

percent 

None 

2 years 


Alternate Case II 

As in AC-I, Alternate Case 11 (AC-11) models conflict against the scenario 1 and 3 adversaries, 
longer supply disruptions, and a 50% FYDP increase. However, AC-II only models one 
homeland event. Because the number of homeland events is the only difference between AC-I 
and AC-II, the sensitivity of material shortfalls to the occurrence of additional homeland events 
can be assessed. If AC-II results in much smaller shortfalls than AC-1, material shortfalls are 
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highly sensitive to the occurrence of additional homeland events; if shortfalls do not significantly 
decrease, they are relatively insensitive. 


Table 3.2.2; AC-II Scenario Assumptions Compared to the Base Case 



Scenarios 1 
and 3 

Scenario 2 

Homeland 

Event 

FYDP 

Build-Up 

Supply 

Restriction 

Base 

Case 

Expenditure 
and attrition 

Country 

reliability 

One event 

100 

percent 

None 

One year 

AC-II 

Expenditure 
and attrition 

Country 

reliability 

One event 

150 

percent 

None 

2 years 


Alternate Case III 

Alternate Case 111 (AC-III) explores the implications of defense spending higher than the Base 
Case but lower than in AC-I and AC-11. AC-llI models conflict against the scenario 1 and 3 
adversaries, longer supply disruptions, and two homeland events. FYDP spending is postulated 
to increase by 25%, compared to 50% in AC-1 and AC-II. 


Table 3.2.3: AC-III Scenario Assumptions Compared to the Base Case 



Scenarios 1 
and 3 

Scenario 2 

Homeland 

Event 

FYDP 

Build-Up 

Supply 

Restriction 

Base 

Case 

Expenditure 
and attrition 

Country 

reliability 

One event 

100 

percent 

None 

One year 

AC-III 

Expenditure 
and attrition 

Country 

reliabilitv 



Two events 

125 

percent 

None 

2 years 
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Alternate Case IV 

Alternate Case IV (AC-IV) is the least-stressing Alternate Case, AC-II models a two-year supply 
disruption and 25% FYDP increase. 


Table 3.2.4; AC-IV Scenario Assumptions Compared to the Base Case 



Scenarios 1 
and 3 

Scenario 2 

Homeland 

Event 

FYDP 

Build- 

Up 

Supply 

Restriction 

Base 

Case 

Expenditure 
and attrition 

Country 

reliability 

One event 

100 

percent 

None 

One year 

AC-IV 

Expenditure 
and attrition 

Country 

reliability 

One event 

125 

percent 

None 

2 years 
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Chapter 3.3 Results of Alternate Cases 

This chapter reports the changes in material shortfalls that arise from the Alternate Cases. These 
results are reported at an aggregate level. Material-by-material analysis is available in the 
classified Appendix 4. Results from each Alternate Case are presented individually first, and 
then compared to each other. 

It should be noted that the Alternate Cases do not consider the effect of the conflict scenario on 
domestic single points of failure. 

Alternate Case I 

AC-Fs stressing conditions significantly increase the dollar value of the shortfall (in 2014 
dollars). 

• Total gross shortfalls of 24 materials valued at $3,69 billion. 

• Civilian gross shortfalls remain at 15 materials but rise to $3.61B. 

• Emergency Investment gross shortfall of I material and $ 1 .56M. '* 

• Defense gross shortfalls increase to 1 0 materials and $85. 1 8M. 

Further analysis of these results indicates that the civilian and defense sectors exhibit varying 
degrees of sensitivity to scenario changes. An additional year of supply disruption dramatically 
increases civilian and total shortfalls but minimally affects defense shortfalls, The extra 
homeland event affects civilian shortfall more than defense or emergency investment but 
accounts for less than one percent of each sector's shortfall. Table 3.3.1 shows AC-1 scenario 
conditions added one at a time in order to illustrate the varying sensitivity of defense and 
civilian-dominated total shortfalls. 


Table 3.3.1: Individual Examination of AC-I Scenario Conditions 


Scenario Conditions 

Total Shortfall 
(S Million) 

Delta 

Defense 
Shortfall 
($ Million) 

Delta 


The industrial sector covers the construction of new plants and/'or the manufacture of new equipment in the 
private sphere to overcome bottlenecks caused by accelerated production during a national security emergency. 
These bottlenecks are estimated by comparing defense-related and essential civilian requirements to the emergency 
operating capacity of existing plant and equipment. (In practice, this sector may be thought of most appropriately as 
the “emergency investment" sector.) 
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Scenario Conditions 

Total Shortfall 
(S Million) 

Delta 

Defense 
Shortfall 
($ Million) 

Delta 

BASE CASE 

$2,637.52 

- 

$41.27 

_ 

2 year supply restriction 

$3,465.58 

$828.06 

$41.30 

$0.03 

wmmmmsBsm 

$3,657.30 

$191.72 

$84.72 

$43,42 

extra Homeland event 

wmmaam 

$36.43 

$85.18 

$0.47 

AC-1 FULL SCENARIO 

mmmim 



$43.92 


The total shortfall is driven by the civilian sector and is most strongly affected by the two-year 
supply disruption. Defense shortfalls are most affected by the 50 percent FYDP increase. 

Alternate Case II 

AC-II with one homeland event results in the following gross shortfalls: 

Total'. 24 materials, $3.66B 
Civilian: 1 5 materials, $3.57B 
Emergency Investment: 1 material, $1.56M 
Defense: 10 materials, $84.72M 

These findings indicate that strategic material shortfalls are relatively insensitive to the 
occurrence of an additional homeland event. As with AC-1, the civilian shortfall increases 
relative to the Base Case is relatively large and driven by the two-year foreign supply restriction, 
while defense shortfalls are relatively small and driven by the KYDP increase. 

Alternate Case III 

AC-lIl results in gross shortfalls larger than those estimated in the Base Case but smaller than 
those estimated for either AC-! or AC-11; 

Total: 24 materials, $3.59B 

Civilian: 15 materials, $3.53B 

Emergency Investment: 1 material, $1 .58M 

Defense: 10 materials, $58.071VI 

Alternate Case IV 

AC-IV gross shortfalls are larger than the Base Case, but smaller than AC-1, AC-II, and AC-III: 
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Total: 24 materials, $3.56B 
Civilian: 15 materials, $3. SOB 
Emergency Investment: I material, $1.57M 
Defense: 1 0 materials, $57.6 1 M 


Comparison of Alternate Cases and Summary of Findings 

Comparing the results of the various Alternate Cases reveals several insights. Most obviously, 
more stressful cases than the Base Case increase shortfall amounts. Across all cases, the 
assumption of a two-year supply disruption accounts for the largest total material shortfall 
increase. The shortfall caused by the supply disruption is concentrated in the civilian sector and 
does not significantly affect the defense sector. Defense shortfalls are most sensitive to FYDP 
increases. Shortfalls, whether in the civilian or defense sectors, are relatively insensitive to the 
occurrence of an additional homeland event. 
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Chapter 3.4 Closed Economy 

For many strategic and critical materials, the United States is reliant, at least to some extent, 
upon foreign sources of supply. In addition, the United States imports many goods and sert'ices. 
Since imported goods do not have to be manufactured domestically, they can satisfy final 
demand without creating a strain on U.S. industrial production capabilities. 

The Base Case assumes that both foreign material supplies and imports of goods and services are 
decremented to some extent from their peacetime levels to account for supplier country war 
damage, shipping losses, reduced ability to produee, and unwillingness to sell to the U.S. in the 
context of the national emergency planning scenario. U.S. exports of goods and services are also 
decremented to some extent for two reasons. First, the U.S. might need some of the goods it 
otherwise would export. Second, goods manufactured for export constitute a source of material 
demand on U.S. industry, a demand which might lead to excessive use of already-scarce 
materials. 

It is natural, then, to consider an extreme case such as this in order to estimate an upper limit for 
material shortfalls. In such a scenario imports of materials, imports of goods and services, and/or 
exports of goods and services are set to zero in the model. This is reminiscent of what 
economics textbooks refer to as a “closed economy” in which a country is totally self-sufficient. 

Of course, if the United States had truly been a closed economy, with no exports and imports for 
an extended period of time, its demand and industrial production patterns would be far different 
than they are currently. But for the purposes of this chapter, the term closed economy simply 
means a complete cutoff of U.S. imports and/or exports of materials and/or goods/services. 

Closed Economy Case 

The main closed economy case of interest posits the following conditions: 

• No foreign supplies (i.e., imports) of material for the first year of the scenario 

• No (U.S.) imports of goods and services for the first year of the scenario 

• No exports of goods and services for the first year of the scenario. 

The civilian and military demands for goods and services remain as in the Base Case. If imports 
for final goods and services are cut off they must be met by increased domestic production 
which, in turn, increases the demand for materials. However, the reduction in exports serves to 
decrease the demand on U.S. industrial production which, in turn, reduces the industrial sector's 
demand for materials. 

A cautionary note concerning emergency investment demand is in order. In general, the Risk 
.Assessment and Mitigation Framework for Strategic Materials (RAMF-SM) models regard 
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reduction of imports as causing an increased demand for output of U.S. industry. If projected 
steady-state industrial output, expanded at least partially toward full capacity, is insufficient to 
meet this increased demand for output, some amount of emergency investment to build new 
productive capacity is considered necessary. F?AMF-SM calculates the additional demand on 
industry to build that new capacity. Unfortunately, if imports are reduced to zero, technical 
problems with RAMF-SM prevents those equations from running. So for the closed economy 
case, the Base Case emergency investment demand was used. 

Given the above assumptions and caveats, the shortfall results for the closed economy case are 
shown in Table 3.4.1 below. The total shortfall amount is $29,142 million, about a nine-fold 
increase over the Base Case shortfall value (including single point of failure) of $3,180 million. 


Tabic 3.4.1: Material Gross Shortfalls under Closed Economy Case 


Material 


Shortfall Amount 

Units 

in Units 

in SM ^ 

Aluminum lithium alloys 


0 

$0.00 

Aluminum oxide, fused crude 


430,496 

$218.70 

Antimony 


30,469 

$258.44 

Beryl ore 


0 

$0.00 

Beryllium copper master alloy 

short tons 

1.360 

$21.57 

Beryllium metal 

short tons 

W 

W 

Bismuth 

pounds 


$31.38 

Boron 

MT Oxide 

1.676,389 

$2,828.91 

Carbon fiber (13 types) 

metric tons 

W 

W 

Cerium 

MT Oxide 

0 

$0.00 

Chromium, ferro (Ferrochromium) 

short tons 

904,752 

$1,556.35 

Chromium metal 

short tons 

5.240 

$44.01 

Cobalt 


16.005,255 

$216.07 

Chlorosulfonated polyethylene 
(CSM) 

metric tons 

4,135 

$36.18 

Dysprosium 

MT Oxide 

43 

$19.90 

Erbium 

Ml' Oxide 

7 

$0.72 

Europium 

MT Oxide 

99 


Fluorspar, acid grade 

short tons 

706.943 


Fluorspar, metallurgical grade 

short tons 

28.187 

$6.39 

Gadolinium 

MT Oxide 

0 

$0.00 

Gallium 


40.484 

$11.13 

Germanium 

kilograms 

56.869 

$72.51 

Graphite 

metric tons 

223.420 

$324.63 

indium 

metric tons 

79 

$60.31 

Iridium 

troy oz. 

72.318 

$72.27 

Lanthanum 

MT Oxide 

1.213 

$13.95 

Lead 

short tons Pb 

916,604 

$2,114.71 
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Table 3.4.1: Material Gross Shortfalls under Closed Economy Case (continued) 


Material 


Shortfall Amount 

Units 

in Units 

in SM “ 

Lithium 

metric tons 

0 

$0,00 

Magnesium 

metric tons 

165,790 

$740.15 

Manganese, ferro (Ferromanganese) 

short tons 

397,018 

$359.64 

Manganese metal, electrolytic 

short tons 

28,092 

$72.76 

Manganese ore chemical/metal grade 

short dry tons 


$3.26 

Minor rare earths (Ho Tm Yb Lu) 

MT Oxide 

0 

$0,00 

Neodymium 

MT Oxide 

0 

$0,00 

Nickel 

short tons Ni 

350,838 

$5,875,36 

Niobium (Columbium) 

pounds Nb 

24,313,307 

$463.19 

Palladium 

troy oz. 

3,814,183 


Platinum 

troy oz. 

1,082,789 



pounds 

0 


Praseodymium 

MT Oxide 

0 


Quartz crystals (synthetic) 

metric tons 

0 

$0.00 

Rhenium 

pounds 

90,171 

$110.46 

Rubber (natural) 

long tons 

2,654,186 

$5,425,66 

Samarium 

MT Oxide 



S-glass (one type) 

metric tons 

0 

$0.00 

Silicon carbide 

short tons 

218,060 

$161.15 

Strontium 

metric tons Sr 

27.573 

$38.10 

Tantalum 

pounds Ta 

1,554,889 

$285.64 

Tellurium 

metric tons 

52 

$5.60 

Terbium 

MT Oxide 

0 

$0.00 

Tin 

metric tons 

50.832 

$1,190.82 

Tungsten 


40.549.325 

$547.42 

Vanadium 

short tons V 

0 

$0.00 

Yttrium 

MT Oxide 

205 

$3.27 

Yttrium oxide 

MT 

W 

W 

Zinc 

short tons 

514,436 

$926.68 



Total shortfall value 

$29,142.00 


" Evaluated with prices current as of Spring 2014; total is rounded 
W = withheld to avoid disclosing proprietary information 
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Part 4: Plans of the Stockpile Manager 

Chapter 4.1 Materials Authorized for Acquisition 

Section 1 4(e) of the Stock Piling Act states that the President “shall submit with each report 
under this Section a statement of the plans of the President for meeting the recommendations of 
the Secretary set forth in the report.” 

Section 16(a) of the Stock Piling Act states that the President “shall designate a single Federal 
office to have responsibility for performing the functions of the President under this Act, other 
than under Sections 7(a)(1) and 13.” Section 16(b) of the Stock Piling Act designates this officer 
as the “National Defense Stockpile Manager.” 

The FY 20 1 4 National Defense Authorization Act (NDAA) granted the stockpile manager the 
authority to acquire six materials for the National Defense Stockpile (NDS Program): 

(1) cadmium zinc tellurium (CZT); 

(2) ferroniobium; 

(3) dysprosium metal; 

(4) yttrium oxide; 

(5) lithium-ion precursors; 

(6) triaminotrinitrobenzene (TATB) and insensitive High Explosive (IHE) molding powders 

These six materials are necessary to meet the U.S.'s military, industrial, and essential civilian 
needs during a national emergency. 

The shortfall for dysprosium metal and yttrium was based on the analysis from the FY 201 3 
Requirements Report. The legislative authority for ferroniobium is based on the observation that 
Brazil is the dominant supplier for this material. Relying on a single supplier during a national 
emergency constitutes a risky or dangerous reliance. Program managers for the affected 
weapons systems identified the shortfalls in CZT, lithium-ion cell precursors. TATB and IHE 
molding powders. 
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Chapter 4.2 Reclamation Plans 

The NDS Program has started to transfer excess strategic materials from other government 
agencies into the Stockpile under the authority of Section 4 of the Stock Piling Act. The transfer 
of excess materials is a cost effective method to reconstitute the NDS Program inventory. As of 
2014, the NDS Program Manager has transferred government-owned quantities of tantalum, 
iridium, beryllium, titanium, and nickel-based super alloys into the NDS Program. 

Authorities granted in the FY 2014 NDAA allow the NDS Program to recover strategic materials 
from excess government assets. This means the NDS Program can start recycling excess 
government materiel in order to create an alternative domestic supply of strategic material 
feedstock. 

The NDS Program plans to execute this process on a trial basis using excess aerospace turbine 
engine components from Tinker Air Force Base in Oklahoma City, OK. Preliminary work by 
the Air Force proves that proper reclamation techniques can recover strategic materials including 
vacuum induction melt (VIM) nickel-based super alloys containing tantalum, niobium, tungsten, 
and rhenium. The recovered materials can meet specifications that allow their re-use as 
aerospace grade material. 
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Chapter 4.3 The Study of Future Material and Mobilization Requirements 

for the Stockpile 

The study of future material and mobilization requirements for the NDS Program is permitted 
under Section 9(b) (2) (E) of the Stock Piling Act. The risks facing the United States stemming 
from dependence upon foreign sources and single points of failure for materials require 
continuous monitoring of the global marketplace. 

Under this effort, the NDS Program Manager has a number of ongoing projects that identify and 
quantify material requirements in a constantly changing global supply chain. Continued support 
for these efforts ensures that the NDS Program develops and maintains the most current tools for 
evaluating the supply chains for current and future material requirements and mobilization 
scenarios for the NDS Program. 

As summarized in the Executive Summary and explained in Chapter 2. 1 , the NDS Program 
maintains a "Watch List” of materials that are of interest to the Department, military services and 
defense agencies. From this list, a subset undergoes further research and modeling. The 
following subsections describe ongoing efforts in these areas. The first subsection lists the 
materials recommended for further study while the second describes a collaboration and data 
analysis tool that analysts at the NDS Program now use for downstream supply chain 
evaluations. 

Materials Requiring Further Study 

In addition to regular monitoring of all materials on the Watch List, certain materials require 
more study. Significant reliance upon foreign sources and/or a single point of failure is the main 
basis for recommending further study. In general, the NDS Program pursues further study if a 
material is in net shortfall, if it has a significantly large gross shortfall or. if direct observation 
uncovers a supply chain issue in the programs that use those materials. 

Materials that are in net shortfall undergo further study in order to build a business case for the 
acquisition and also to determine, and where possible quantify, its use in the defense industrial 
base. Finally, further study identifies the optimal form(s) of a material to stockpile. 

Materials with a potential for supply chain disruption also undergo further study. Identifying the 
node in the supply chain that is most likely to fail is the focus of these studies. This research 
requires collaboration with the agencies and programs experiencing disruptions. 

Ultimately, these studies should inform a decision on the optimal quantity and form of material 
to stockpile. It is also possible that additional research will demonstrate that stockpiling is sub- 
optimal and that other governmental authorities such as the Defense Priorities and Allocations 
System (DPAS), Title III or ManTech would be more effective. 
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Table 4.4.1 lists these materials and describes the key concerns warranting additional study. 


Table 4.4.1: Materials Recommended for Further Study 


Material 

Background 

Carbon fiber, 
pitch-based 

Pitch-based carbon fibers are critical to aerospace and weapons platforms 
where thennal conductivity and strength are necessary properties. There are 
currently no substitute materials with equivalent thermal conductivity. There 
is a single confirmed domestic producer, and only two other foreign 
producers. Only one of those foreign producers is currently supplying for 
defense applications. 

Gallium 

Gallium is an essential element for compound semiconductors used in many 
ground and space microwave transistor and integrated circuit applications. 
Gallium provides the high efficiency, high frequency, high power, and low- 
noise properties critical for satellite communications. Microwave power 
transistors using gallium nitride (GaN) are becoming increasingly important 
because of the substantial reductions in weight in future satellites. Solar cells 
for spacecraft power generation also use GaN. Furthermore, the U.S. relies 
on imports for all of its 33.5 tons of annual primary gallium consumption. A 
report published by the European Union (EU) in May 2014 also highlighted 
gallium’s importance. The report listed gallium as critical in terms of 
economic importance and supply risk. The EU report foreca.sts gallium 
demand to grow by 8 percent per annum through the year 2020. Despite 
rapidly growing demand, the EU report, citing projections from consulting 
fin-n Roskill, forecasts a small deficit for gallium in 2015. This is expected to 
which will turn into a large surplus by 2020. On the supply-side, production 
of gallium is price-sensitive and potentially more gallium (which is a by- 
product of alumina refining) could come from alumina refineries with 
appropriate investments should the price of gallium rise. There is no shortage 
of gallium within the waste streams of these alumina refineries and global 
reserves of bauxite (the ore used to manufacture alumina) are plentiful. 

Graphite, 
natural flake 
(top quality) 

One key sub-segment of the market for graphite is in high demand whilst 
supply adequacy is uncertain. l.i-Ion batteries use top quality flake graphite. 
Expandable graphite, a developing technology with applications as flame- 
retardants, also uses top quality flake graphite. Demand for top quality 
natural flake graphite has led to recent exploration activity mainly in Canada 
but exploration often fails to result in production. 
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Tabic 4.4.1: Materials Recommended for Further Study (continued) 


Material 

Background 

Hydroxyl- 

terminated 

polybutadiene 

(HTPB) 

Please see proprietary section. 

Indium 

Indium is a primary constituent In the indium tin oxide (ITO) used in 
transparent electrodes for photovoltaic solar cells and touch screens. Indium is 
also an important component of semiconductors used in microwave transistors 
and light emitting diodes (LEDs). Indium is primarily a byproduct of zinc 
mining. Specific applications for space include semiconductors for monolithic 
microwave integrated circuits (MMICs). optoelectronics and focal plane 
arrays. 

Annual U.S. consumption of indium is approximately 1 14 metric tons all of 
which comes from imports, mainly from China. Canada and Japan, China, 
which accounts for 75 percent of world reserves and 50 percent of world 
production, has implemented export quotas on indium. 

The NDS Program did not find a net shortfall of indium in the 2015 Base Case 
National Emergency Planning Assumptions. However, the concerns raised by 
the NSS deserve further study. The NDS Program would recommend 
stockpiling in the event that research uncovered a potential net shortfall for 
indium. 
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Tabic 4.4.1; Materials Recommended for Further Study (continued) 


Material 

Background 

Natural 

Rubber 

Given the large projected shortfall of natural rubber in the FY 201 5 
Requirements Report (-556,000 long tons @$1.2 billion) that falls to zero 
following anticipated market responses (thriftiness, substitution and spot buys) 
NDS Program economists suggest soliciting the views of industry, DoD 
agencies and MLSVCS regarding rubber availability and projected demand. 

According to the International Rubber Study Group (IRSG), global production 
of rubber totaled 27.5 million metric tons in 2013 of which 43.7 percent, or 
12.04 metric tons was natural rubber with the balance synthetic rubber. In the 
natural rubber segment, Asia continues to dominate world production 
accounting for 1 1.2 million metric tons, or 93 percent of the total in 2013. 
Thailand and Indonesia remained the top two suppliers of natural rubber in 

2012 (the latest data available) with production totaling 3,5 million and 3.04 
million metric tons, respectively. 

Global production of synthetic rubber totaled 15.5 million metric tons in 2013 
of which 4.7 million metric tons consisted of styrene butadiene rubber (SBR). 
Since synthetic rubber is a derivative of petroleum production, the production 
of synthetic rubber is less concentrated than the production of natural rubber. 
Judging from the export statistics for SBR. Germany, the United States, 
Belgium, the Netherlands and South Rorea are top producers of this type of 
synthetic rubber. 

Current market conditions indicate a supply glut, falling prices and rising 
inventories for natural rubber. According to an August 18, 2014 report in 
Bloomberg, that cites data from The Rubber Economist Ltd., global 
inventories of natural rubber will rise from 2.9 million metric tons in 2013 to 
3.79 million metric tons by the end of 2014 as production continues to rise in 
an environment of soft demand. However, rubber farmers are likely to reduce 
production in response to low prices. This should shrink the production 
surplus heading into 2015 and 2016. 

Future research into the markets, demand for and supply of natural and 
synthetic rubber will determine if the markets could support the substitution of 
over a half million long tons of natural rubber to synthetic rubber. 

Scandium 

Downstream research identifies a potential shortfall. The U.S. has limited 
domestic capability for downstream forms of scandium and is 100 percent 
import reliant for scandium oxide. 
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Table 4,4.1; Materials Recommended for Further Study (continued) 


Material 

Background 

Tourmaline 

Tourmaline is notable for its piezoelectric properties (produces an electrical 
response to a mechanical load) and functionality at high temperatures. High 
temperature, piezoelectric accelerometers and sensors require flawless or near- 
flawless natural tourmaline. Sensor manufacturers have publically announced 
supply issues of accelerometers due to supply chain issues with tourmaline. 
Further study needed to consider stockpiling of tourmaline to support defense 
requirements. 

Vacuum 

Induction Melt 
(VIM) turbine 
engine alloys 

The NDS Program recommends the investigation of the primary and 
secondary metal requirements for domestic manufacturing of turbine engine 
components such as blades and vanes. Alloy requirements of interest include 
nickel, cobalt, and titanium super alloys including alloys that contain elements 
such as tungsten, tantalum, niobium, and rhenium. 

One goal of the assessment is to determine whether the defense industrial base 
can meet defense requirements for production of VIM aerospace alloys during 
a material supply disruption. A second goal of the assessment is quantitative 
modeling of the impact on supply if the Government were to reclaim VIM 
alloys from excess turbine engine components. 

Ytterbium 

General applications for ytterbium include dopants for solid-state lasers, 
radiation source for mobile x-ray machine,s. night vision technology, fiber 
optic amplifier, high-energy lasers, and as an optical coating for infrared earth 
sensor lenses (ytterbium fluoride). 

U.S. consumption of ytterbium is unknown. However, annual production of 
ytterbium worldwide is about 50 metric tons. Known U.S. reserves of 
ytterbium are about 390 metric tons. 

The NDS Program did not find a net shortfall of ytterbium in the 2015 Base 
Case National Emergency Planning Assumptions. However, the concerns 
raised by the NSS deserve further study. The NDS Program would 
recommend stockpiling in the event that research uncovered a potential net 
shortfall for ytterbium. 
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Support for Future Studies: Data, Collaboration and Analysis 

A strategic and critical material can be a material at different stages of its supply chain and may 
be an ore, compound, element or semi-processed material. Analysts at the NDS Program rely on 
a plethora of data tools, modeling techniques and news sources (subscriptions and open source) 
for information on materials of interest to the DoD. This includes pricing, demand, supply, 
trade, mergers and acquisitions, supply chain disruptions, end-use markets, technology trends, 
government policy, macroeconomic statistics and, financial data. Analysts then form analyses 
and assessments of the market and non-market forces shaping the global landscape for materials 
and their applications. 

In order to bring some structure to such a vast body of data, the NDS Program has contracted 
with technology firm Palantir Technologies to develop a tool that integrates and synthesizes 
relevant data into a visual material flow. This tool is the Strategic Material Analysis & 

Reporting Topography (SMART). Palantir Technologies is customizing SMART to meet the 
NDS Program’s mission. 

SMART facilitates the identification, understanding and evaluation of the supply chains that 
support the U.S. Defense and essential civilian industrial base. The NDS Program and Oak 
Ridge National Laboratory (ORNL) collaborate on the development and support of SMART. 
Other DoD and federal agency partners provide significant input to the development of SMART 
and plan to use the tool to identify future materials requirements and supply chain vulnerabilities. 

SMART runs on the software platform “Palantir Gotham” developed by Palantir Technologies. 
Palantir Gotham allows the user to aggregate and synthesize data from disparate sources based 
on a logic scheme called an ontology that is specific to the NDS Program’s requirements. 

The figure below is a schematic of the SMART ontology. As shown in the figure, the ontology 
involves linking supply chain nodes and documenting material flows from ore to final products. 
Documenting the flow of material through each processing stage from the raw material to the 
finished product is critical to a full understanding and assessment of supply chain risk. In 
keeping with the NDS Program’s mission, SMART can also analyze domestic industrial 
capabilities by locating and documenting companies and facilities that have the ability to process 
and manufacture strategic and critical materials. 

In the flow diagram below, SMART’S ontology is applied to the rare earth element, neodymium. 
The NDS Program and ORNL are in the process of developing material flow diagrams for many 
of the materials on the Watch List. The figure highlights SMART’S ability to visually display 
supply chains and highlight areas of concern. In the case of neodymium, SMART reveals a 
heavy foreign reliance at both the mine and downstream material level of the supply chain. As 
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the schematic shows, only one domestic mine currently produces rare earth ore and refines 
neodymium to oxide while the production of neodymium metal mostly occurs outside the United 
States. 

One of the many outstanding features of SMART is the ability for analysts to collaborate on 
material flow investigations. Any licensed user may develop and expand a material flow 
diagram in SMART. This collaboration facilitates future assessments of strategic and critical 
materials. 

SMART is a customized tool for documenting and analyzing material flows and supply chains 
for potentially critical and strategic materials. 



Platform 

A 

producecf into 



Figure 4.4.1: SMART Ontology Overview 


48 



128 


Neodymium mines are at the bottom and final products at the top. The goal is an understanding 
of the United States’ industrial capabilities and the required materials for defense and essential 
civilian needs. The neodymium material flow diagram above shows significant foreign reliance 
at the mine level despite the presence of one U.S. mine. U.S. mid-supply chain processing of 
neodymium into oxide and metal also has significant foreign reliance. 



Figure 4.4.2: Example of SMART Material Flow Diagram 
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Appendix 1 


THE STRATEGIC AND CRITICAL MATERIALS STOCK 

PILING ACT 
(50 U.S.C. § 98 et seg .I 


SEC. 1 . This Act may be cited as the "Strategic and 
Critical Materials Stock Piling Act". 

Congressional findings and declaration of 
purpose 

SEC. 2. (a) The Congress finds that the natural 
resources of the United States in certain strategic and 
critical materials are deficient or insufficiently 
developed to supply the military, industrial, and 
essentia! civilian needs of the United States for 
national defense. 

(b) It is the purpose of this Act to provide for the 
acquisition and retention of stocks of certain strategic 
and critical materials and to encourage the 
conservation and development of sources of such 
materials within the United Slates and thereby to 
decrease and to preclude, when possible, a dangerous 
and costly dependence by the United States upon 
foreign sources or a single point of failure for 
supplies of such materials in times of national 
emergency. 

(c) The purpose of the National Defense Stockpile is 
to serve the interest of national defense only. The 
National Defense Stockpile is not to be used for 
economic or budgetary purposes. 

National Defense Stockpile 

SEC. 3. (a) Determination of materials; quantities. 
Subject to subsection (c), the President shall 
determine from time to time (1 ) which materials are 
strategic and critical materials for the purposes of this 
Act, and (2) the quality and quantity of each such 
material to be acquired for the purposes of this Act 
and the form in which each such material shall be 
acquired and stored. Such materials when acquired, 
together with the other materials described in section 
4 of this Act, shall constitute and be collectively 
known as the National Defense Stockpile (hereinafter 
in this Act referred to as the "stockpile"). 


(b) Guidelines for exercise of Presidential authority. 
The President shall make the determinations required 
to be made under subsection (a) on the basis of the 
principles stated in section 2(c). 

(c) Quantity change; notification to Congress. 

(1) The quantity of any material to be stockpiled 
under this Act, as in effect on September 30, 1987, 
may be changed only as provided in this subsection 
or as otherwise provided by law enacted after 
December 4, 1987. 

(2) The President shall notify Congress in writing of 
any change proposed to be made in the quantity of 
any material to be stockpiled. The President may 
make the change after the end of the 45-day period 
beginning on the dale of the notification. The 
President shall include a full explanation and 
justification for the proposed change with the 
notification. 

Materials constituting the National Defense 
Stockpile 

SEC. 4. (a) Contents. The stockpile consists of the 
following materials: 

( 1 ) Materials acquired under this Act and contained 
in the national stockpile on .luly 29, 1979. 

(2) Materials acquired under this Act after July 29, 
1979. 

(3) Materials in the supplemental stockpile 
established by section 104(b) of the Food for Peace 
Act [7 uses § 1704(b)] (as in effect from September 
21,1 959, through December 3 U 1 966) on July 29. 
1979. 

(4) Materials acquired by the United States under the 
provisions of section 303 of the Defense Production 
Act of 1950 (JO U-S.C. App- 2093) and transferred to 
the stockpile by the President pursuant to subsection 
(f) of such section. 
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(5) Materials transferred to the United States under 
section 663 of the Foreign Assistance Act of 1961 
{22 U.S.C. 242$) that have been determined to be 
strategic and critical materials for the purposes of this 
Act and that are allocated by the President under 
subsection (b) of such section for stockpiling in the 
stockpile. 

(6) Materials acquired by the Commodity Credit 
Corporation and transferred to the stockpile under 
section 4(h) of the Commodity Credit Corporation 
Charter Act (/5 C.S.C 714b(h)). 

(7) Materials acquired by the Commodity Credit 
Corporation under paragraph (2) of section 103(a) of 
the Act entitled "An Act to provide for greater 
stability in agriculture: to augment the marketing and 
disposal of agricultural products; and for other 
purposes", approved August 28. 1 954 (7 V S.C. 
1743(a)), and transferred to the stockpile under the 
third sentence of such section. 

(8) Materials transferred to the stockpile by the 
President under paragraph (4) of section 1 03(a) of 
such Act of August 28, 1954 [7 USCS § l74S(a)(4)]. 

(9) Materials transferred to the stockpile under 
subsection (b). 

(10) Materials transferred to the stockpile under 
subsection (c), 

(b) Transfer and reimbursement. Notwithstanding 
any other provision of law, any material that (1 ) is 
under the control of any department or agency of the 
United States, (2) is determined by the head of such 
department or agency to be excess to its needs and 
responsibilities, and (3) is required for the stockpile 
shall be transferred to the stockpile. Any such 
transfer shall be made without reimbursement to such 
department or agency, but all costs required to effect 
such transfer shall be paid or reimbursed from funds 
appropriated to carry out this Act. 

(c) Transfer and disposal, 

( 1 ) The Secretar>' of Energy, in consultation with the 
Secretary of Defense, shall transfer to the stockpile 
for disposal in accordance with this Act 
uncontaminaled materials that arc in the Department 
of Energy inventory of materials for the production 
of defense-related items, are excess to the 
requirements of the Department for that purpose, and 
are suitable for transfer to the stockpile and disposal 
through the stockpile. 


(2) The Secretary of Defense shall determine 
whether materials are suitable for transfer to the 
stockpile under this subsection, are suitable for 
disposal through the stockpile, and are 
uncontaminated. 

Authority for stockpile operations 

SEC. 5. (a) Funds appropriated for acquisitions; 
proposed stockpile transactions; significant changes 
therein. 

(1 ) Except for acquisitions made under the authority 
of paragraph (3) or (4) of section 6(a), no funds may 
be obligated or appropriated for acquisition of any 
material under this Act unless funds for such 
acquisition have been authorized by law. Funds 
appropriated for such acquisition (and for 
transportation and other incidental expenses related 
to such acquisition) shall remain available until 
expended, unless otherwise provided in appropriation 
Acts. 

(2) If for any fiscal year the President proposes 
certain stockpile transactions in the annual materials 
plan submitted to Congress for that year under 
section 1 1 (b) and after that plan is submitted the 
President proposes (or Congress requires) a 
significant change in any such transaction, or a 
significant transaction not included in such plan, no 
amount may be obligated or expended for such 
transaction during such year until the President has 
submitted a full statement of the proposed transaction 
to the appropriate committees of Congress and a 
period of 45 days has passed from the date of the 
receipt of such statement by such committees. 

(b) Disposal. Except for disposals made under the 
authority of paragraph (3), (4k or (5) of section 6(a) 
or under section 7(a), no disposal may be made from 
the stockpile unless such disposal, including the 
quantity of the material to be disposed of, has been 
specifically authorized by law. 

(c) Authorization of appropriations. There is 
authorized to be appropriated such sums as may be 
necessary to provide for the transportation, 
processing, refining, storage, security, maintenance, 
rotation, and disposal of materials contained in or 
acquired for the stockpile. Funds appropriated for 
such purposes shall remain available to carry out the 
purposes for which appropriated for a period of two 
fiscal years, if so provided in appropriation Acts. 
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Stockpile management 

SEC. 6. (a) Presidential powers. The President shall- 

{ 1 ) acquire the materials determined under section 
3{a) to be strategic and critical materials; 

(2) provide for the proper storage, security, and 
maintenance of materials in the stockpile; 

(3) provide for the upgrading, refining, or processing 
of any material in the stockpile (notwithstanding any 
intermediate stockpile quantity established for such 
material) when necessary to convert such material 
into a form more suitable for storage, subsequent 
disposition, and immediate use in a national 
emergency; 

(4) provide for the rotation of any material in the 
stockpile when necessary to prevent deterioration or 
technological obsolescence of such materia! by 
replacement of such material with an equivalent 
quantity of substantially the same material or better 
material; 

(5) provide for the appropriate recovery of any 
strategic and critical materials under section 3(a) that 
may be available from excess materials made 
available for recovery purposes by other Federal 
agencies; 

(6) subject to the notification required by subsection 
(d)(2), provide for the timely disposal of materials In 
the stockpile that (A) are excess to stockpile 
requirements, and (B) may cause a loss to the 
Government if allowed to deteriorate; and 

(7) subject to the provisions of section 5(b), dispose 
of materials in the stockpile the disposal of which is 
specifically authorized by law. 

(b) Federal procurement practices. Except as 
provided in subsections (c) and (d), acquisition of 
strategic and critical materials under this Act shall be 
made in accordance with established Federal 
procurement practices, and, except as provided in 
subsections (c) and (d) and in section 7(a), disposal 
of strategic and critical materials from the stockpile 
shall be made in accordance with the next sentence. 
To the maximum extent feasible— 

(1 ) competitive procedures shall be used in the 
acquisition and disposal of such materials; and 

(2) efforts shall be made in the acquisition and 
disposal of such materials to avoid undue disruption 
of the usual markets of producers, processors, and 


consumers of such materials and to protect the United 
States against avoidable loss. 

(c) Barter; use of stockpile materials as payment for 
expenses of acquiring, refining, processing, or 
retailing materials. 

(1) The President shall encourage the use of barter in 
the acquisition under subsection (a)(1) of strategic 
and critical materials for, and the disposal under 
subsection (a)(5) or (a)(6) of materials from, the 
stockpile when acquisition or disposal by barter is 
authorized by law and is practical and in the best 
interest of the United States. 

(2) Materials in the stockpile (the disposition of 
which is authorized by paragraph (3) to finance the 
upgrading, refining, or processing of a materia! in the 
stockpile, or is otherwise authorized by law) shall be 
available for transfer at fair market value as payment 
for expenses (including transportation and other 
incidental expenses) of acquisition of materials, or of 
upgrading, refining, processing, or rotating materials, 
under this Act. 

(3) Notwithstanding section 3(c) or any other 
provision of law, whenever the President provides 
under subsection (a)(3) for the upgrading, refining, or 
processing of a material in the stockpile to convert 
that material into a form more suitable for storage, 
subsequent disposition, and immediate use in a 
national emergency, the President may barter a 
portion of the same material (or any other material in 
the stockpile that is authorized for disposal) to 
finance that upgrading, refining, or processing. 

(4) To the extent otherwise authorized by law, 
property owned by the United States may be bartered 
for materials needed for the stockpile. 

(d) Waiver: notification of proposed disposal of 
materials. 

(1) The President may waive the applicability of any 
provision of the first sentence of subsection (b) to any 
acquisition of material for, or disposal of material 
from, the stockpile. W'henever the President waives 
any such provision with respect to any such 
acquisition or disposal, or whenever the President 
determines that the application of paragraph (1) or (2) 
of such subsection to a particular acquisition or 
disposal is not feasible, the President shall notify the 
Committee on Armed Services of the Senate and the 
Committee on Armed Services of the House of 
Representatives in writing of the proposed 
acquisition or disposal at least 45 days before any 
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obligation of the United States is incurred in 
connection with such acquisition or disposal and shall 
include in such notification the reasons for not 
complying with any provision of such subsection. 

(2) Materials in the stockpile may be disposed of 
under subsection (a)(5) only if such congressional 
committees are notified in writing of the proposed 
disposal at least 45 days before any obligation of the 
United States is incurred in connection with such 
disposal, (e) Leasehold interests in property. The 
President may acquire leasehold interests in property, 
for periods not in excess of twenty years, for storage, 
security, and maintenance of materials In the 
stockpile. 

Special Presidential disposal authority 

SEC. 7. (a) Materials in the stockpile may be released 
for use, sale, or other disposition-- 

( 1 ) on the order of the President, at any time the 
President determines the release of such materials is 
required for purpose.s of the national defense; 

(2) in time of war declared by the Congress or during 
a national emergency, on the order of any officer or 
employee of the United Slates designated by the 
President to have authority to issue disposal orders 
under this subsection, if such officer or employee 
determines that the release of such materials is 
required for purposes of the national defense; and 

(3) on the order of the Under Secretary of Defense 
for Acquisition, Technology, and Logistics, if the 
President has designated the Under Secretary to have 
authority to issue release orders under this subsection 
and, in the case of any such order, if the Under 
Secretary determines that the release of such 
materials is required for use, manufacture, or 
production for purposes of national defense. 

(b) Any order issued under subsection (a) shall be 
promptly reported by the President, or by the officer 
or employee issuing such order, in writing, to the 
Committee on Armed Services of the Senate and the 
Committee on Armed Services of the House of 
Representatives. 

Materials development and research 

SEC. 8. (a) Development, mining, preparation, 
treatment, and utilization of ores and other mineral 
substances. 


(1) The President shall make scientific, technologic, 
and economic investigations concerning the 
development, mining, preparation, treatment, and 
utilization of ores and other mineral substances that 
(,A) are found in the United States, or in its territories 
or possessions, (B) are essential to the national 
defense, industrial, and essential civilian needs of the 
United States, and (C) are found in known domestic 
sources in inadequate quantities or grades. 

(2) Such investigations shall be carried out in order 
to— 

(A) determine and develop new domestic sources 
of supply of such ores and mineral substances; 

(B) devise new methods for the treatment and 
utilization of lower grade reserves of such ores and 
mineral substances; and 

(C) develop substitutes for such essential ores and 
mineral products. 

(3) Investigations under paragraph ( I ) may be carried 
out on public lands and, with the consent of the 
owner, on privately owned lands for the purpose of 
exploring and determining the extent and quality of 
deposits of such minerals, the most suitable methods 
of mining and beneficiating such minerals, and the 
cost at which the minerals or metals may be 
produced. 

(b) Development of sources of supplies of 
agricultural commodities for manufacture of 
materials. The President shall make scientific, 
technologic, and economic investigations of the 
feasibility of developing domestic sources of supplies 
of any agricultural material or for using agricultural 
commodities for the manufacture of any material 
determined pursuant to section 3(a) of this Act to be a 
strategic and critical materia! or substitutes therefor. 

(c) Development of sources of supplies of other 
materials; development of use of alternative methods 
for refining or processing materials in .stockpile. The 
President shall make scientific, technologic, and 
economic investigations concerning the feasibility of- 

( 1 ) developing domestic sources of supply of 
materials (other than materials referred to in 
subsections (a) and (b)) detennined pursuant to 
section 3(a) to be strategic and critical materials; and 

(2) developing or using alternative methods for the 
refining or processing of a material in the stockpile so 
as to convert such material into a form more suitable 
for use during an emergency or for storage. 
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(d) Grants and contracts to encourage conservation 
of strategic and critical materials. The President shall 
encourage the conservation of domestic sources of 
any material determined pursuant to section 3(a) to 
be a strategic and critical material by making grants 
or awarding contracts for research regarding the 
development of-- 

(!) substitutes for such material; or 

(2) more efficient methods of production or use of 
such material. 

National Defense Stockpile Transaction Fund 

SEC. 9. (a) Establishment. There is established in the 
Treasury of the United States a separate fund to be 
known as the National Defense Stockpile Transaction 
Fund (hereinafter in this section referred to as the 
"fund"). 

(b) Fund operations. 

(1) All moneys received from the sale of materials in 
the stockpile under paragraphs (5) and (6) of section 
6(a) shall be covered Into the fund. 

(2) Subject to section 5(a)(1)], moneys covered into 
the fund under paragraph ( I ) are hereby made 
available (subject to such limitations as may be 
provided in appropriation Acts) for the following 
purposes: 

(A) The acquisition, maintenance, and disposal of 
strategic and critical materials under section 6(a) a). 

(B) Transportation, storage, and other incidental 
expenses related to such acquisition, maintenance, 
and disposal. 

(C) Development of current specifications of 
stockpile materials and the upgrading of existing 
stockpile materials to meet current specifications 
(including transportation, when economical, related 
to such upgrading). 

(D) Encouraging the appropriate conservation of 
strategic and critical materials. 

(E) Testing and quality studies of stockpile materials. 

(F) Studying future material and mobilization 
requirements for the stockpile. 

(G) Activities authorized under section 15. 


(H) Contracting under competitive procedures for 
materials development and research to— 

(i) improve the quality and availability of materials 
stockpiled from time to time in the stockpile; and 

(ii) develop new materials for the stockpile. 

(!) Improvement or rehabilitation of facilities, 
structures, and infrastructure needed to maintain the 
integrity of stockpile materials. 

(J) Disposal of hazardous materials that are stored in 
the stockpile and authorized for disposal by law. 

(K) Performance of environmental remediation, 
restoration, waste management, or compliance 
activities at locations of the stockpile that are 
required under a Federal law or are undertaken by the 
Government under an administrative decision or 
negotiated agreement. 

(L) Pay of employees of the National Defense 
Stockpile program. 

(M) Other expenses of the National Defense 
Stockpile program. 

(3) Moneys in the fund shall remain available until 
expended. 

(c) Moneys received from the sale of materials 
being rotated or disposed of. All moneys received 
from the sale of materials being rotated under the 
provisions of section 6(a)(4) or disposed of under 
section 7(a) shall be covered into the fund and shall 
be available only for the acquisition of replacement 
materials. 

(d) Effect of bartering. If. during a fiscal year, the 
National Defense Stockpile Manager barters 
materials in the stockpile for the purpose of 
acquiring, upgrading, refining, or processing other 
materials (or for services directly related to that 
purpose), the contract value of the materials so 
bartered shall— 

(I ) be applied toward the total value of materials that 
are authorized to be disposed of from the stockpile 
during that fiscal year; 

(2) be treated as an acquisition for purposes of 
satisfying any requirement imposed on the National 
Defense Stockpile Manager to enter into obligations 
during that fiscal year under subsection (b)(2); and 
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(3) not increase or decrease the balance in the fiind. 

Advisory committees 

SEC. 10. (a) Membership. The President may 
appoint advisory committees composed of 
individual-s with expertise relating to materials in the 
stockpile or with expertise in stockpile management 
to advise the President with respect to the acquisition, 
transportation, processing, refining, storage, security, 
maintenance, rotation, and disposal of such materials 
under this Act. 

(b ) Expenses. Each member of an advisory’ 
committee established under subsection (a) while 
serving on the business of the advisory committee 
away from such member's home or regular place of 
business shall be allowed travel expenses, including 
per diem in lieu of subsistence, as authorized by 
section 5703 of title 5, United States Code, for 
persons intermittently employed in the Government 
service. 

(c) Market Impact Committee. 

( 1) The President shall appoint a Market Impact 
Committee composed of reprc-sentatives from the 
Department of Agriculture, the Department of 
Commerce, the Department of Defense, the 
Department of Energy, the Department of the 
Interior, the Department of State, the Department of 
the Trea.sury, and the Federal Emergency 
Management Agency, and such other persons as the 
President considers appropriate. The representatives 
from the Department of Commerce and the 
Department of State shall be Cochairmen of the 
Committee. 

(2) The Committee shall advise the National Defense 
Stockpile Manager on the projected domestic and 
foreign economic effects of all acquisitions and 
disposals of materials from the .stockpile that are 
proposed to be included in the annual materials plan 
submitted to Congress under .section 1 1(b), or in any 
revision of such plan, and shall submit to the 
manager the Committee’s recommendations 
regarding those acquisitions and disposals. 

(3) The annual materials plan or the revision of such 
plan, as the case may be, shall contain— 

(A) the views of the Committee on the projected 
domestic and foreign economic effects of all 
acquisitions and disposals of materials from the 
stockpile; 


(B) the recommendations submitted by the 
Committee under paragraph (2); and 

(C) for each acquisition or disposal provided for in 
the plan or revision that is inconsistent with a 
recommendation of the Committee, a justification for 
the acquisition or disposal. 

(4) In developing recommendations for the National 
Defense Stockpile Manager under paragraph (2), the 
Committee shall consult from time to time with 
representatives of producers, processors, and 
consumers of the types of materials stored in the 
stockpile. 

Reports to Congress 

SEC. II . (a) Not later than January 1 5 of each year, 
the President shall submit to the Congress an annual 
written report detailing operations under this Act. 
Each such report shall include- 

( 1 ) information with respect to foreign and dome.stic 
purchases of materials during the preceding fiscal 
year; 

(2) information with respect to the acquisition and 
disposal of materials under this Act by barter, as 
provided for in section 6(c) of this Act during such 
fiscal year; 

(3) information with respect to the activities by the 
Stockpile Manager to encourage the conservation, 
substitution, and development of strategic and critical 
materials within the United States; 

(4) information with re.spect to the research and 
development activities conducted under sections 2 
and 8; 

(5) a statement and explanation of the financial status 
of the National Defense Stockpile Transaction Fund 
and the anticipated appropriations to be made to the 
fund, and obligations to be made from the fund, 
during the current fiscal year; and 

(6) such other pertinent information on the 
administration of this Act as will enable the Congress 
to evaluate the effectiveness of the program provided 
for under this Act and to determine the need for 
additional legislation. 

(b) ( I ) Not later than February 1 5 of each year, the 
President shall submit to the appropriate committees 
of the Congress a report containing an annual 
materials plan for the operation of the stockpile 
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during the next fiscal year and the succeeding four 
fiscal years. 

(2) Each such report shall include details of alt 
planned expenditures from the National Defense 
Stockpile Transaction Fund during such period 
(including expenditures to be made from 
appropriations from the general fund of the Treasury) 
and of anticipated receipts from proposed disposals 
of stockpile materials during such period. Each such 
report shall also contain details regarding the 
materials development and research projects to be 
conducted under section 9(b)(2)(G) during the fiscal 
years covered by the report. With respect to each 
development and research project, the report shall 
specify the amount planned to be expended from the 
fund, the material intended to be 
developed, the potential military or defense industrial 
applications for that material, and the development 
and research methodologies to be used. 

(3) Any proposed expenditure or disposal detailed in 
the annual materials plan for any such fiscal year, and 
any expenditure or disposal proposed in connection 
with any transaction submitted for such fiscal year to 
the appropriate committees of Congress pursuant to 
section 5(a)(2) that is not obligated or executed in 
that fiscal year may not be obligated or executed until 
such proposed expenditure or disposal is resubmitted 
in a subsequent annual materials plan or is 
resubmitted to the appropriate committees of 
Congress in accordance with section 5(a)(2A as 
appropriate. 

Definitions 

SEC. 12,Forthe purposes of this Act; 

(1) The term "strategic and critical materials” means 
materials that (A) would be needed to supply the 
military, industrial, and essential civilian needs of the 
United States during a national emergency, and (B) 
are not found or produced in the United States in 
sufficient quantities to meet such need. 

(2) The term "national emergency" means a genera! 
declaration of emergency with respect to the national 
defense made by the President or by the Congress. 

Importation of strategic and critical materials 

SEC. 13. The President may not prohibit or regulate 
the importation into the United States of any material 
determined to be strategic and critical pursuant to the 
provisions of this Act, if such material is the product 
of any foreign country or area not listed in general 


note 3(b) of the Harmonized T ariff Schedule of the 
United States {19 USC 1202), for so long as the 
importation into the United Slates of material of that 
kind which is the product of a country or area listed 
in such general note is not prohibited by any 
provision of law. 

Biennial report on stockpile requirements 

SEC. 14. (a) In general. Not later than January 15 of 
every other year, the Secretary of Defense shall 
submit to Congress a report on stockpile 
requirements. Each such report shall include— 

(1) the Secretary'^ recommendations with respect to 
stockpile requirements; and 

(2) the matters required under subsection (b). 

(b) National emergency planning assumptions. 

Each report under this section shall set forth the 
national emergency planning assumptions used by 
the Secretary in making the Secretary’s 
recommendations under subsection (a)(l ) with 
respect to stockpile requirements. The Secretary shall 
base the national emergency planning assumptions on 
a military conflict scenario consistent with the 
scenario used by the Secretary in budgeting and 
defense planning purposes. The assumptions to be set 
forth include assumptions relating to each of the 
following: 

( 1 ) The length and intensity of the assumed military 
conflict. 

(2) The military force structure to be mobilized. 

(3) The losses anticipated from enemy action, 

(4) The military, industrial, and essential civilian 
requirements to support the national emergency. 

(5) The availability of supplies of strategic and 
critical materials from foreign sources during the 
mobilization period, the military conflict, and the 
subsequent period of replenishment, taking into 
consideration possible shipping losses. 

(6) The domestic production of strategic and critical 
materials during the mobilization period, the military 
conflict, and the subsequent period of replenishment, 
taking into consideration possible shipping losses. 

(7) Civilian austerity measures required during the 
mobilization period and military conflict. 
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(c) Period within which to replace or replenish 
materials. The stockpile requirements shall be based 
on those strategic and critical materials necessary for 
the United States to replenish or replace, within three 
years of the end of the military conflict scenario 
required under subsection (b), all munitions, combat 
support items, and weapons systems that would be 
required after such a military conflict. 

(d) Effect of alternative mobilization periods. The 
Secretary shall also include in each report under this 
section an examination of the effect that alternative 
mobilization periods under the military conflict scenario 
required under subsection (b), as well as a range of other 
military conflict scenarios addressing potentially more 
serious threats to national security, would have on the 
Secretary's recommendations under subsection (a)( 1) 
with respect to stockpile requirements. 

(e) Plans of President. The President shall submit 
with each report under this section a statement of the 
plans of the President for meeting the 
recommendations of the Secretary set forth in the 
report. 

Development of domestic sources 

SEC, 1 5. (a) Purchase of materials of domestic 
origin; processing of materials in domestic facilities. 
Subject to subsection (c) and to the extent the 
President determines such action is required for the 
national defense, the President shall encourage the 
development and appropriate conservation of 
domestic sources for materials determined pursuant 
to section .3(a) to be strategic and critical materlals- 

(1) by purchasing, or making a commitment to 
purchase, strategic and critical materials of domestic 
origin when such materials are needed for the 
stockpile; and 

(2) by contracting with domestic facilities, or making 
a commitment to contract with domestic facilities, for 
the processing or refining of strategic and critical 
materials in the stockpile when processing or refining 
is necessary to convert such materials into a form 
more suitable for storage and subsequent disposition. 

(b) Terms and conditions of contracts or 
commitments. A contract or commitment made 
under subsection (a) may not exceed five years from 
the date of the contract or commitment, Such 
purchases and commitments to purchase may be 
made for such quantities and on such terms and 
conditions, including advance payments, as the 
President considers to be necessary. 


(c) Proposed transactions included in annual 
materials plan; availability of funds. 

(1) Descriptions of proposed transactions under 
subsection (a) shall be included in the appropriate 
annual materials plan submitted to Congress under 
section 1 1 (b). Changes to any such transaction, or the 
addition of a transaction not included in such plan, 
shall be made in the manner provided by section 
5(a)(2). 

(2) The authority of the President to enter into 
obligations under this section is effective for any 
fiscal year only to the extent that funds in the 
National Defense Stockpile Transaction Fund are 
adequate to meet such obligations. Payments required 
to be as a result of obligations incurred under this 
section shall be made from amounts in the fund. 

(d) Transportation and other incidental expenses. 
The authority of the President under subsection (a) 
includes the authority to pay- 

( 1 ) the expenses of transporting materials; and 

(2) other incidental expenses related to carrving out 
such subsection, 

(e) Reports. The President shall include in the 
reports required under section 1 1(a) Information with 
respect to activities conducted under this section. 

National Defense Stockpile Manager 

SEC. 16. (a) Appointment. The President shall 
designate a single Federal office to have 
responsibility for performing the functions of the 
President under this Act. other than under sections 
7(a)( I ) and 1 3. The office designated shall be one to 
which appointment is made by the President, by and 
with the advice and consent of the Senate. 

(b) Title of designated officer, The individual 
holding the office designated by the President under 
subsection (a) shall be known for purposes of 
functions under this Act as the "National Defense 
Stockpile Manager”. 

(c) Delegation of functions. The President may 
delegate functions of the President under this Act 
(other than under sections 7(a)( ! ) and ! 3) only to the 
National Defense Stockpile Manager. Any such 
delegation made by the President shall remain in 
effect until specifically revoked by law or Executive 
order. The President may not delegate functions of 
the President under sections 7(a)( 1 ) and 13. 
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Appendix 2 

Base Case Initial Shortfall Methods and Analysis 
Appendix 2a. Modeling Method Selection Process 

Materials Raised to the Attention of the NDS Program 

In support of the National Defense Stockpile (NDS Program) requirements process, 
Defense Logistics Agency Strategic Materials (the NDS Program manager) continuously 
monitors supply chains of materials that are important to specific Department of Defense 
(DoD) defense systems and weapons platforms. To assist with the 2015 NDS Program 
material selection process, Defense Logistics Agency Strategic Materials issued a formal 
survey to various components within DoD as well as to entities outside of DoD (e.g., 
academia and industry). The intent of this process was to identify materials that the 
survey respondents consider essential for U. S. defense and civilian demands and whose 
supplies could possibly be at risk in a future national emergency. 

RAMF-SM modeling begins with the initial selection of materials. Materials for study 
are selected by the NDS Program based upon the results of the Filter Process described in 
Chapter 2. In addition, the NDS Program bases its selections on the recommendations 
from a number of defense and non-defen.se organizations. These include DoD 
components, the Executive Branch, Congress, subject matter experts (SMEs) from 
Federally Funded Research and Development Centers (FFRDCs), industry, academia and 
from other interested parties. Criteria for selecting specific materials for study will 
normally include evidence of potential shortfalls of the material in relevant planning 
seenarios or other evidence of "weak links" in supply chains. 

In addition to evaluating recommendations from other organizations, the NDS Program 
explicitly obtains nominees for materials to include in the Requirements Report. This 
was accomplished by letter sent on behalf of the DoD Stockpile Manager to the various 
DoD components and other interested parties. 

Inclusion of a material nominee in the assessment process also depended upon the 
availability of sufficient and relevant data regarding supply and demand. If a material 
does not exhibit a potential shortfall at the upstream raw material level it should be 
excluded from consideration in the downstream supply chain assessment. Some 
materials may be available in sufficient quantities at the upstream level, yet not be usable 
by U.S. industry at the downstream level due to production capacity gaps at those 
downstream nodes. The NDS Program must, therefore, exercise care in setting the 
criteria for inclusion or exclusion of a material from the study cycle. 
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Materials Studied in the Report 

As a result of the processes explained above, 92 materials were included for the 2015 
NDS Program report cycle. The complete list of study materials is shown in Table A2a.l. 


1 Table A2a.l Materials Studied 

Number 

Material Name 

1 

1,2,4-Butanetriol 

2 

1,3,5 Trichlorobenzene 

3 

Aluminum lithium alloys 

4 

Aluminum oxide, fused crude 

5 

Ammonium perchlorate 

6 

Antimony 

7 

Beryl ore 

8 

Beryllium copper master alloy 

9 

Beryllium metal 

10 

Bismuth 

11 

Boron 

12 

Boron carbide (one type) 

13 

Borosilicate floated glass 

14 

Cadmium zinc telluride 

15-27 

Carbon fiber, PAN-based (13 types) 

28 

Carbon fiber, rayon-based aerospace grade 

29 

Cerium 

30 

Chlorosulfonated polyethylene (CSM) 

31 

Chromium ferro (Ferrochromium) 

32 

Chromium metal 

33 

Cobalt 

34 

Dysprosium 

35 

Erbium 

36 

Europium 

37 

Fluorspar, acid grade 

38 

Fluorspar, metallurgical grade 

39 

Gadolinium 

40 

Gallium 

41 

Germanium 

42 

Graphite 

43 

Hydrazine 

44 

Hydrotluorocarbon (one type) 

45 

Hydroxyl-terminated polybutadiene (HTPB) 

46 

Indium 

47 

Iridium 
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Table A2a.l Materials Studied 

Number 

Material Name 

48 

Lanthanum 

49 

Lead 

50 

Lithium 

51 

Magnesium 

52 

Manganese ferro (Ferromanganese) 

53 

Manganese metal, electrolytic 

54 

Manganese ore, chemical/metal Grade 

55-58 

Minor rare earths (Flo Tm Yb Lu) 

59 

Neodymium 

60 

Nickel 

61 

Niobium (Columbium) 

62 

Nitrocellulose 

63 

Nitrogen tetroxide 

64 

Palladium 

65 

Platinum 

66 

Polypropylene fiber (one type) 

67 

Praseodymium 

68 

Quartz crystal, synthetic 

69 

Rhenium 

70 

Rubber, natural 

71 

Samarium 

72-75 

Scandium (4 types) 

76 

S-Glass (one type) 

77 

Silicon carbide 

78 

Silicon carbide fiber (one type) 

79 

Strontium 

80 

Tantalum 

81 

Tellurium 

82 

Terbium 

83 

Tin 

84 

Tourmaline 

85 

Triaminotrinitrobenzene (TATB) 

86 

Tungsten 

86-87 

Tungsten-rhenium alloy (2 types) 

88 

Ultrahigh molecular weight polyethylene fiber 

89 

Vanadium 

90 

Yttrium 

91 

Yttrium oxide (high purity) 

92 

Zinc 
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List of Materials Modeled in RAMF-SM 

Of the 92 materiais in the report, 79 materials received either full or partial RAMF-SM 
modeling. These materials appear in Table A2a.2. 


Table A2a.2 Materials Modeled in RAMF-SM 

Number 

Material Name 

1 

Aluminum lithium alloys 

2 

Aluminum oxide, fused crude 

3 

Antimony 

4 

Beryl ore 

5 

Beryllium copper master alloy 

6 

Beryllium metal 

7 

Bismuth 

8 

Boron 

9 

Boron carbide (one type) 

10-22 

Carbon fiber, PAN -based (13 types) 

23 

Cerium 

24 

Chlorosulfonated polyethylene (CSM) 

25 

Chromium ferro (Ferrochromium) 

26 

Chromium metal 

27 

Cobalt 

28 

Dysprosium 

29 

Erbium 

30 

Europium 

31 

Fluorspar, acid grade 

32 

Fluorspar, metallurgical grade 

33 

Gadolinium 

34 

Gallium 

35 

Germanium 

36 

Graphite 

37 

Hydrofluorocarbon (one type) 

38 

Indium 

39 

Iridium 

40 

Lanthanum 

41 

Lead 

42 

Lithium 

43 

Magnesium 

44 

Manganese ferro (Ferromanganese) 

45 

Manganese metal, electrolytic 

46 

Manganese ore. chemical/metal Grade 
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Table A2a.2 Materials Modeled in RAMF-SM 

Number 

Material Name 

47 

Minor rare earths (Ho Tm Yb Lu) 

48 

Neodymium 

49 

Nickel 

50 

Niobium (Columbium) 

51 

Palladium 

52 

Platinum 

53 

Polypropylene fiber (one type) 

54 

Praseodymium 

55 

Quartz crystal, synthetic 

56 

Rhenium 

57 

Rubber, natural 

58 

Samarium 

59-62 

Scandium (4 types) 

63 

S-Glass (one type) 

64 

Silicon carbide 

65-67 

Silicon carbide fiber, multifilament (3 types) 

68 

Strontium 

69 

Tantalum 

70 

Tellurium 

71 

Terbium 

72 

Tin 

73 

Tungsten 

74-75 

Tungsten-Rhenium alloy (2 types) 

76 

Vanadium 

77 

Yttrium 

78 

Yttrium oxide (high purity) 

79 

Zinc 


List of Materials Modeled by Bottom-Up or Other Method 

There were 13 materials of concern that did not meet the minimal data requirements 
discussed above. Therefore, these materials could not be assessed using RAMF-SM. 
Rather these materials were evaluated using either the bottom-up or other research 
methods. These materials appear in Table A2a.3 below. 
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Table A2a.3. Materials Modeled by Bottom-Up or Other Method 

Number 

Material 

1 

1 ,2,4-Butanetriol 

2 

1,3,5 Trichlorobenzene 

3 

Ammonium perchlorate 

4 

Borosilicate floated glass 

5 

Cadmium zinc telluridc 

6 

Carbon fiber, rayon-based aerospace grade 

7 

Hydrazine 

8 

Hydroxyl-terminated polybutadiene (HTPB) 

9 

Nitrocellulose 

10 

Nitrogen tetroxide 

11 

Tourmaline 

12 

Triaminotrinitrobenzene (TATB) 

13 

Ultrahigh molecular weight polyethylene (UHMWPE) 
fiber 
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Appendix 2b. RAMF-SM Models and Key Variables 

In preparing the National Defense Stockpile (NDS Program) Report to Congress, the 
Defense Logistics Agency Strategic Materials uses a suite of modeling and simulation 
tools known as the Risk Assessment and Mitigation Framework for Strategic Materials 
(RAMF-SM). The RAMF-SM method is also referred to as the “top-down” method in 
this report. 

This methodology comprises Sub-steps 2A, 2B, and 2C of the Risk Assessment and 
Mitigation Framework for Strategic Materials (RAMF-SM). Additional description of the 
Sub-step 2 methodology is available, at varying levels of detail, and can be provided 
upon request. The basic methodology is consistent with those used in previous 
Department of Defense (DoD) Reports on National Defense Stockpile (NDS Program) 
Requirements. 

Overview and Taxonomies of Demand 

The RAMF-SM process objective is to compute shortfalls of materials in a national 
emergency and does this by comparing the available supply of materials against the 
demand for them. Available supply is computed by assessing production and production 
capacity by country. The computation for demands for materials requires a multi-step 
process. Specifically, the analysis starts from estimating a dynamic general equilibrium 
model representing the U.S. economy on both the aggregate level and industry level. 

Key macro-economic and industry-level variables, expressed in constant dollars, are 
extracted from the forecast. Industry-level variables obtained from the economic model, 
which capture economy-wide output requirements for goods and services, are viewed as 
benchmarks for industrial demands. Demands for materials are then derived from these 
industrial demands. Defense demands in a military scenario are separately incorporated 
into the process. 

In particular, the NDS Program modeling methodology considers three broad categories 
of demands: 

1 . Demand for weapons in a military scenario, expressed in numbers of w'eapons or 
thousands of dollars (dollars are deflated to a constant year); 

2. Demand for industrial output of goods and services, expressed in millions of 
dollars (deflated to a constant year); and 

3. Demand for materials, expressed in units (e.g., tons) of material. Dollar 
valuations of material amounts are computed for use in output reports. 
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The models used in the analysis convert demand from the first category to the second, 
and then from the second category to the third. A supply or inventory in each category is 
also considered. All demands and supplies are time-phased streams, i.e,, demand and 
supply estimates are computed for each month or year of the Base Case. Earlier demands 
cannot be offset by supplies that become available later. Supplies are not “perishable," 
That is, earlier supplies can be used to offset later demands. 

There is also taxonomy of demand in terms of general economic sector: military, 
“industrial" or emergency investment,'"* and civilian. These sectors have formal 
definitions, as follows: 

• Military Sector: The military sector includes military goods required during the 
emergency. This sector also includes a portion of the materials needed for 
replacement parts and equipment for existing government-owned industrial 
facilities, and new plant and equipment for government-owned facilities required 
in the manufacture of military goods if production occurred at normal (non- 
emergency) rates. The other two sectors include the additional new plant and 
equipment needed to produce at levels sufficient to meet emergency military 
demands. 

• Industrial Sector: The industrial sector covers the construction of new plants 
and/or the manufacture of new equipment in the private sphere to overcome 
bottlenecks caused by accelerated production during a national security 
emergency. These bottlenecks are estimated by comparing defense-related and 
essential civilian requirements to the emergency operating capacity of existing 
plant and equipment. (In practice, this sector may be thought of most 
appropriately as the “emergency investment" sector.) 

• Essential Civilian Sector: The essential civilian sector includes goods and 
services for general civilian use, excluding those considered nonessential for 
stockpile purposes. This sector includes a portion of the replacement parts and 
equipment for existing industrial facilities and new plant and equipment required 
in the manufacture of these goods if production occurred at normal (non- 
emergency) rates. 

Military demand can be divided into ongoing (steady-state) military demand and 
“extraordinary" military demand associated with a conflict scenario. The models keep 
track of separate demand totals for each category. 


' The term “industrial demand" is often used to refer to demands for goods and services in general, i.e., 
the demand for output of industries. But at times, it is used to refer to emergency investment demand 
specifically. The meaning should be clear from the context. 


Appendix 2-10 



147 


General Outline of the Modeling Process 

The analysis is based on the following framework: 

1 . A scenario for a military situation is specified. This scenario might involve a long 
mobilization period culminating in conflict, or, as in the 2015 NDS Program Base 
Case (and all recent NDS Program Requirements studies), it might be a 
regeneration scenario. In a regeneration scenario, weapons and supplies lost in a 
conflict are rebuilt over a period of time following the conflict. By suitably 
setting certain inputs, it is also possible to model some kind of ongoing, steady- 
state demand for weapons, or to model a steady-state case with no extraordinary 
total military demand. 

2. This military situation gives rise to an extraordinary military demand for 
weapons, ammunition, and combat support material. Inventory (if it is 
appropriate to model it) is applied to reduce this demand. 

3. The industrial outputs required to make these military items (net of inventory) are 
computed. As a result, the extraordinary military demand induces a demand on 
U.S. industry, possibly creating imbalances in the U.S. economy. 

4. To the extraordinary military demand on industry, civilian and regular (base) 
military demands are added. The models then compare the industrial demand 
against supply. Supply includes net imports (i.e., imports minus exports). 
Shortfalls in industrial output, if any, are computed. The civilian demands, base 
military demands, imports, and exports can be multiplied by adjustment factors to 
reflect more accurately the situation being modeled. In particular, the civilian 
demands can be set to only include the portion of civilian demand deemed 
essential. Goods and .services needed to repair homeland damage, while 
technically part of the extraordinary military demand, are usually included in the 
input files for base military and/or civilian demand. 

5. If new plants and facilities are built, the additional output they produce can 
ameliorate some or all of the excess industrial demand. The analysis models this 
process. However, the goods and services required to build these plants and 
facilities become an additional source of demand. In the context of the study, this 
additional demand is referred to as the emergency investment demand. It refers 
only to the investment in plants and facilities necessary to address the 
extraordinary military demand. Spending for normal steady-state investment is 
included in the base military and civilian demand estimates. 


Current law mandates that this regeneration occur within three years of the end of the military conflict 
scenario. 


Appendix 2- 1 1 



148 


6. The total demand on industry' (i.e., extraordinary military plus base military plus 
civilian plus emergency investment, minus net imports) induces a demand for 
materials. This can be thought of as the materials required to produce or generate 
the goods and services. 

7. Available material supplies, i.e., U.S. and foreign, are computed. Initial amounts 
of foreign supply might be subject to a number of different decrement factors, 
based on the particulars of the emergency scenario (see Section G, below). The 
available supply is the supply that the United States can use after all relevant 
decrement factors have been applied. 

8. The demands for materials are compared against the available material supplies, 
in a time phased manner. Shortfalls are computed and noted. 

The following sections provide some more explanation concerning certain portions of the 
above steps. As noted earlier, detailed descriptions of the modeling process can be 
provided upon request. 

Computation of Industrial Demands 

The civilian industrial demands and base military industrial demands are computed by 
translating the Council of Economic Advisors' (CEA's) long-range economic forecast 
into output requirements for the specific industry sectors. Two economic models, Long- 
term Inter-industry Forecasting Tool (LIFT) and Inter-industry Large-scale Integrated 
and Dynamic Model (ILIAD), developed by the Inter-industry Forecasting Project at the 
University of Maryland, arc employed for the computation. These models have the 
unique capability to systematically decompose aggregate economic variables into the 
corresponding industry-level output requirements, which serves as benchmarks for 
industrial demands. 

The LIFT model is a dynamic general equilibrium representation of the U.S. economy. 
LIFT forecasts gross domestic product (GDP) and its major components and derives 
expenditures of 83 consumer products and services, 66 types of investment expenditures, 
25 types of construction expenditures, and 25 types of defense consumption and 
investment. It then calculates output requirements for each of the 1 1 0 production sectors; 
these requirements sum up to the above corresponding expenditures. LIFT also computes 
time-varying input-output matrices describing the inter-relationships between the 110 
production sectors, that is, what these sectors must buy from one another in order to make 
their products. The ILIAD model further dissects the economy into 360 production 
sectors and computes the corresponding time-varying input-output matrices, allowing 
calculations and forecasts of output requirements for each sector. 
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The inputs to the economic models are calibrated to match the CEA macroeconomic 
forecast and project the industry output requirements. This CEA forecast is, essentially, a 
peacetime, or steady-state, forecast. Industry-level output requirements are viewed as 
benchmarks for industrial demands. The forecast is then modified to reflect government 
specifications regarding what civilian demands should be considered essential for 
stockpiling purposes. The detail in these models enables DoD to discriminate among 
various types of demands in specifying what is essential. The input-output matrices in 
these models are also used to determine additional output requirements generated by the 
assumed military conflict. 

FORCEMOB 

FORCEMOB stands for Forces Mobilization Model. FORCEMOB is used to compute 
and organize the demands for industrial output (i.e., demands for goods and services). 
FORCEMOB is also used for time-phased force requirements. FORCEMOB has three 
main parts: 

1 . Computation of the industrial output needed to manufacture replacements for the 
weapons lost and munitions expended in the conflict scenario; 

2. Adjustment of the industry-related quantities computed by the LIFT and ILIAD 
models; 

3. Computation of emergency investment demand. 

All demands are time-phased streams. FORCEMOB keeps track of time by month; its 
outputs are eventually aggregated into quarterly or annual data. The three parts of 
FORCEMOB are discussed in the paragraphs below. 

1 . A scenario for a military situation is specified. This scenario might involve a long 
mobilization period culminating in conflict, or it might be a regeneration scenario. 
This specified military situation gives rise to an extraordinary military demand for 
weapons, ammunition, and combat support material. The time-phased demands 
for these force requirements are inputs to FORCEMOB. FORCEMOB then 
applies a data set that determines the industrial outputs required to make these 
military items. The manufacture of weapons occurs over a lead time (which can 
vary by weapon type), and some amount of industrial contribution is required at 
each month of the lead time. The result is a time-phased set of industrial 
demands. 

2. The LIFT and ILIAD models have computed the essential civilian demands 
(which might include requirements for repairing damage caused by attacks on the 
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homeland) and base military demands. LIFT and ILIAD have also computed 
imports, exports, and supply (output). This information is read into 
FORCEMOB. FORCEMOB can then apply user-supplied adjustment factors to 
these values that are in concordance with specific characteristics of the conflict 
scenario. For example, exports might be decremented because more industrial 
output is needed domestically during the conflict. Imports might be decremented 
to reflect unreliability of foreign countries affected by the conflict. 

3. The extraordinary military demand might create an imbalance in the economy, 
and existing industrial output (plus net imports) might be insufficient to cover the 
increased demand, even if industry produces at emergency operating capacity 
levels. If new plants and facilities are built, the additional output they produce 
might ameliorate some or all of the excess industrial demand. However, the 
goods and services required to build these plants and facilities become an 
additional source of demand, referred to as the emergency investment demand. 
FORCEMOB computes the emergency investment demand, using economic data 
on the industrial contributions required to build new facilities. 

FORCEMOB can produce many informative reports about various subsets of its data and 
output. The main output report presents demands on industry, organized by industry 
sector and year or quarter, for each of the following categories: 

• Military demand associated with the conflict scenario 

• Base military demand 

• Essential civilian demand 

• Emergency investment demand 

• Imports 

• Exports 

A demand value is .shown for each combination of industry sector (360), time period, and 
category. This report is read by the computer programs that perform Sub-step 2B of 
RAMF-SM, the computation of material demands. 

From Demands for Goods and Services to Demands for Materials 

For most of the materials studied (72 of the 85). the material requirements are estimated 
using indices called material consumption ratios (MCRs). These ratios indicate the 
quantity of material (expressed in mass units, such as tons) that are consumed in the 
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production of goods and services in each particular production sector, per billion dollars 
of economic output in that sector. That is, for each combination of material (72) and 
production sector (360), an MCR is computed. The MCR represents the amount of 
material needed for the given sector to produce a billion dollars (in constant-year dollars) 
worth of its output. 

The dollar amounts of demands for goods and services computed via the economic 
modeling are multiplied by the MCRs to yield amounts of materials needed to satisfy 
these demands. Separate totals are kept track of for military, emergency investment, and 
civilian demands, for each material and year of the four-year Base Case. At this point, 
base military and extraordinary military demands are added together to yield a total 
defense demand amount. 

The MCR methodology assumes that material usage is apportioned between civilian and 
defense uses in accordance with the underlying economic demand data for the 
corresponding industry sectors. In these data, civilian demands are much, much bigger 
than defense demands. There are some highly specialized materials with intensive 
military use where the MCR methodology would underestimate defense usage. For these 
materials, an alternate methodology was developed, in which subject matter experts 
specify a fraction of military use for each material application. These explicit military 
proportions allow the projected military and civilian material demands to be consistent 
with actual usage patterns. The alternate methodology was used for a limited set of 
materials (13 materials) designated by the Defense Logistics Agency Strategic Materials. 

Input Data and Basic Terminology of MCRs 

The MCR calculation process is performed separately for each material. In the example 
below, assume that one material is under consideration. 

A distinction is made between steady-state conditions (which might involve some amount 
of ongoing operations) and Base Case conditions. Base Case conditions are those 
involving a national emergency scenario. Reference period refers to a recent year or set 
of years where historical data are available. For this report, the reference period is 2010 
through 20 1 2. Quantities defined “in the reference period” refer to average annual 
amounts over the years in the reference period, under steady-state conditions. The Base 
Case is the four-year period (20 1 7 through 2020 for this report) that includes a one-year 
national emergency, and is postulated to start several years after the reference period. 
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The process requires the following input data: 

• Inputs concerning the material. 

• Amount of material (measured in mass units, such as tons) consumed by the 
United States in the reference period (average annual) under peacetime 
conditions. 

• List of application areas for which the material is used. 

• Proportion of the consumption amount that is used in each given application area 
(in the United States, in the reference period). The proportions must sum to 1 .0. 


For each application area, a list of industry sectors that is associated with that application 
area. 

• Economic inputs (measured in millions of constant-year dollars). 

For each industry sector 

o Output of that sector in the reference period, under peacetime conditions 
o For each year of the scenario, under the scenario conditions 

■ Defense demand (in that sector), expressed in total requirements terms 

■ Civilian demand, expressed in total requirements terms 
• Exports, expressed in total requirements terms 

■ Imports, expressed in total requirements terms 

■ Emergency Investment demand 

The material-related inputs on consumption quantities and end-use applications have 
generally been obtained from material specialists at the Department of Commerce (DoC) 
or the U.S. Geological Survey (USGS). The economic inputs are generated by the 
INFORUM models (e.g. LIFT, ILIAD) and FORCEMOB. The link between the two sets 
of data is the lists of industry sectors associated with each application. These sectors are 
determined by an expert familiar with the industry sectors of the INFORUM models, with 
advice from the material specialists about the specific uses of the material in question. 

This linking of material usage with industry sectors allows the construction of a modeling 
process that makes it possible to determine the change in demand for material that results 
from changes in the demand for output from a certain industry sector (as computed by the 
economic modeling). 
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Construction of the MCRs 

The MCR represents the amount of material used by an industry sector in producing a 
billion dollars’ of output. Computations are performed using reference period values 
under steady-state conditions. The total amount of material consumed is given. This 
material is apportioned among the industry sectors, by way of the application areas. That 
is, for each of the 360 industry sectors of the economic models, an amount of material 
used by that sector is computed; these amounts add up to the total consumption value. 

For each sector, the amount of material used by that sector is divided by the amount of 
that sector’s output (in billions of dollars, from the economic databases) to compute the 
MCR. Note that a separate MCR is computed for each combination of material and 
industry sector. A number of these values are zero, since not all sectors use all materials. 
Additionally, note that the MCRs are computed from average reference period data, and 
do not vary by year. 

Computation of Material Demands in the Scenario Period 

Now turn from the reference period and steady-state conditions to the scenario period and 
scenario (national emergency) conditions. The economic modeling has computed, for 
each combination of industry sector and year of the scenario period, the various 
components of demand — defense, civilian, emergency investment, imports, and exports, 
as noted above. 

Each of these components is multiplied by the MCR for that combination of material and 
industry sector (as stated earlier, MCRs do not vary by year of the scenario) to yield an 
amount of material associated with that combination of component, year, and industry 
sector. Net exports are amalgamated with civilian demand. The values for each 
component are then summed over all industry sectors to yield overall demands for the 
material that are associated with each component, in each given year. 

Embedded Demand 

The United States makes use of materials in two main ways: 

1 . Raw material is consumed by U.S. industry to manufacture usable finished goods 
(parts and end items). 

2. Material is contained in imports of finished goods, or is used abroad in the 
production of finished goods that are then imported by the United States. 

Both of these ways represent material that goes to satisfy U.S. demand, and both need to 
be considered in determining U.S. demand for materials. Material in the second category 
can be referred to as "embedded” material demand. The key parameters in determining 
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embedded material demand are the MCRs. As stated above, the MCR specifies the 
amount of material (in mass units, such as tons) consumed by a given industry in 
producing a given dollar amount of its output. A major part of this material might end up 
in the output product itself, but the MCR could also include material used in necessary 
manufacturing machinery or material that is wasted. 

Before describing how MCRs are used to compute embedded material amounts, let us 
review RAMF-SM’s modeling of material and industrial flow. 

Flows of Material and Industrial Output 

Figure A2b, 1 depicts the flow of material as it is modeled in RAMF-SM Step 2. To 
avoid making the figure too cluttered, the meanings of the flows along the various arcs 
are not shown. Definitions of the arc flows appear below the figure. Note that flows 
along arcs 1 through 4 are expressed in mass units (e.g., tons) of material, while flows 
along arcs 7 through 10 are expressed in millions or billions of dollars' worth of end 
items. 



Figure A2b.l. RAMF-SM Step 2 Material and Industrial Output Flow 
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• Arc 1 represents U.S. raw material that is available to be used by U.S. 
industry. This is a key quantity for the Computation of Material Shortfalls 
portion of RAMF-SM, and is known in that context as U.S. supply. 

• Arc 2 represents U.S. raw material that is exported to other countries. It is 
shown as a dashed line because in a national emergency, all U.S. supply is 
considered to be available to U.S. industry if needed; exports of raw material 
are not explicitly modeled. 

• Arc 3 represents amounts of foreign raw material potentially available to the 
U.S. This is also a key quantity for the material shortfall computation 
process and is known in that context as available foreign supply. In general, 
the U.S. can count on getting only a certain fraction (the “market share”) of 
foreign raw material. In a national emergency, it might get less than that 
because of supplier country adversary status, unreliability, and other such 
factors. 

• Arc 4, foreign raw material that goes to foreign countries, is not explicitly 
modeled, but can be thought of as corresponding to material not included in 
the U.S. market share. 

• Arcs 5 and 6, flows between U.S. and foreign industries, are included here 
because they happen in actuality, but they are not explicitly modeled at the 
aggregation level of RAMF-SM. They might play a big role in a more 
disaggregated model (see below). 

• Arc 7 represents U.S.-manufactured finished goods that are used in the U.S., 
and satisfy U.S. demands. 

• Arc 8 represents U.S. -manufactured finished goods that are exported. 
Peacetime or steady-state exports are forecast by economic models. In the 
national emergency scenario, they are generally decremented from their 
peacetime levels so that items formerly exported can be available to satisfy 
domestic needs. The sum of arcs 7 and 8 represents the output of U.S. 
industry. 

• Arc 9 represents U.S. imports of Finished goods, or equivalently, foreign- 
produced goods that are exported to the U.S. This plays a key role in the 
shortfall computation process. Peacetime or steady-state imports are forecast 
by economic models. In the national emergency scenario, they are 
decremented from their peacetime levels to account for supplier country 
unreliability and other factors. 
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• Arc 10 represents foreign-manufactured finished goods that are not exported 
to the U.S. RAMF-SM does not explicitly model them. 


Actually, RAMF-SM Step 2 is somewhat more disaggregated than Figure A2b.l in that it 
often treats different foreign countries separately, instead of amalgamating them into a 
single "foreign" source. U.S. demand is also separated into defense, civilian, and 
emergency investment categories. For the purposes of this appendix, the more 
aggregated figure will suffice. The two-level distinction “raw material" vs. “finished 
goods" is admittedly aggregated. 

Material Demands, MCRs, and Embedded Demand 

The U.S. demands for goods and services indicated in the upper right-hand box of Figure 
A2b.l (which is marked “Box D") are all considered essential (non-essential civilian 
demands are explicitly not included in the Base Case). They are treated as givens that 
must be met. either by U.S. production or by imports. If some imports of foreign goods 
are cut off because of the unreliability, et al., of supplier countries, then the 
corresponding demands must be met by U.S.-manufactured products. So the demands 
can be partitioned into demands met by imports and demands met by U.S. industrial 
production. 

Although the MCRs are computed based on U.S. material consumption and economic 
data, let us assume that foreign production processes are sufficiently similar to U.S. ones 
so that the MCRs remain valid for foreign production. Thus a given dollar amount of 
output in a given industry requires the MCR times that dollar amount of raw material to 
produce it, whether or not that production occurs in the U.S. or abroad. 

The material required to produce the goods and services demanded by the U.S. (i.e., Box 
D in Figure A2b.l) is computed by multiplying the MCRs by the demand amounts 
(material by material, industry sector by industry sector). This can be partitioned into 
material amounts needed by U.S. industry in its production processes to satisfy domestic 
demand (Arc 7 in the figure) — and the embedded material associated with imports. The 
embedded material is computed by multiplying the amount of imports (Arc 9 in the 
figure) by the MCRs. 

U.S. industry also needs material to produce the goods destined for export. The overall 
amount of material needed by U.S. industry in its production processes is then 
determined as: 
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MCR X [Total industrial output needed to satisfy U.S. demand (Box D) 

+ U.S. industrial output used to produce goods for exports (Arc 8) 

• foreign industrial output that produced imported goods (Arc 9) ] 

(Algebraically, this is also equal to the MCR multiplied by the sum of Arc 7 and Arc 8.) 
This computation is performed separately for each combination of material of interest and 
industry sector. 

Computation of Available Material Supply 

After the material demands have been computed, the next stage is to compute the 
available material supply. The following procedure is performed separately for each 
material under consideration: 

1 . Start with projected steady-state material supply amounts (measured in mass 
units, such as tons), by country of origin (including the United States) and year of 
the Base Case. The amount might correspond to capacity, estimated production, 
or an estimate in between the two metrics. Most of the data on supply amounts 
are furnished by the USGS. 

2. Separate U.S. material supplies into current facilities, restart concerted programs 
and new/expansion concerted programs, and determine the U.S. supply amounts 
available for each category. (Concerted programs are future sources of supply 
that require substantial start-up inve.stment costs. They are assumed not to be 
available in the Base Case). 

3. Determine each foreign country’s supply use category, that is, whether its supply 
can be used to satisfy all categories of material demand (defense, emergency 
investment, and civilian) or civilian material demand only. 

4. For foreign supplies, apply decrement and delay factors to determine the amounts 
of available foreign supply, by year and country of origin. These factors model 
the effects of the underlying conflict scenario on material supply and include 
factors for supply shutoff from adversaries, war damage, shipping losses, 
infrastructure/ability degradation, anti-U.S. orientation, and foreign competition 
(i.e,, U.S. market share). 

5. For each combination of use category and year, take the sum over country of the 
available foreign supply amounts to get a total available foreign supply for that 
use category and year. If useable foreign supply is to be capped at a multiple of 
current material imports, apply that cap. 
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Computation of Material Shortfalls 

After the available material supply has been determined, it is compared with material 
demand and the resulting shortfalls, if any, are computed. There are three categories of 
demand: defense (encompassing steady-state military' plus extraordinary military), 
emergency investment, and civilian. There are also three categories of supply: 

1. Domestic (U.S.) supply. 

2. Foreign supply that can be used to offset demand in all categories (net amounts 
available after ail decrement factors have been applied). 

3. Foreign supply that can be used to offset civilian demand only (net amounts 
available after all decrement factors have been applied). 

All supplies and demands are time-phased streams: separate supply and demand 
quantities are generated for each year of the Base Case. The comparison algorithm is 
performed separately for each different material. It tries to maximize the amount of 
demand satisfied (and hence minimize the shortfall), subject to the following constraints: 

• Supply that becomes available in a certain year is not allowed to offset demand in 
earlier years; 

• Foreign supply that can be used to offset civilian demand only cannot be used to 
satisfy defense and emergency investment demands; 

• Attempt to satisfy defense demands first, then emergency investment, then 
civilian; and 

• Use U.S, supply in preference to foreign, where feasible. 

Shortfalls, if any, as well as the available U.S. and foreign supply, and also the amount of 
foreign supply used are noted. 

Summary Flowchart 

The flowchart in Figure A2b.2 illustrates the material supply modeling and 
demand/supply comparison process, putting together all of the elements described above. 
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Note; All quantities can vary by year. 


Figure A2b.2. Materia! Supply Modeling Methodology 
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Appendix 2c. Data and Sources for Modeling Gross Shortfalls 

After selecting the list of materials for study in the 2015 National Defense Stockpile 
(NDS Program) report, the Defense Logistics Agency Strategic Materials gathered the 
data necessary to support the Risk Assessment and Mitigation Framework for Strategic 
Materials (RAMF-SM) material shortfall assessment. 

Overview 

The data items, and their associated sources, discussed in this appendix pertain to Step 2 
of RAMF-SM for upstream material shortfall assessments. The data categories used in 
the RAMF-SM process to arrive at gross shortfall values include the following: 

• Economic data including projected demands for goods and services and 
prices 

• Material consumption data 

• Material supply data 

• Military conflict scenario, platform loss, and munitions expenditure data 

• Intelligence community assessments of country reliabilities and capabilities 

Economic Data 

The objective of RAMF-SM Sub-step 2A is computing projected demands for goods and 
services under Base Case conditions. These data are generated by translating the long- 
range economic forecast prepared by the Council of Economic Advisors (CEA) into 
output requirements for each industrial sector. This is computed using two economic 
models developed by the Inter-industry Forecasting Project (INFORUM) at the 
University of Maryland. The inputs to the economic models are calibrated to match the 
CEA macroeconomic forecast.'^ 

Austerity measures known as “reduction factors" are applied to civilian demand to 
determine essential civilian requirements during the Base Case. 

Economic data for emergency investment is obtained from the U.S. Census Bureau. The 
U.S. Census Bureau provides data on U.S. plant capacity utilization and emergency 
capacity utilization, also categorized by NAICS code. The data is compiled from surveys 
of U.S. manufacturing establishments. 


The data used for the Base Case economic inputs are consistent with the CEA’s 201 3 Mid-Summer 
review data, released in July 2013. The federal government budget data in the forecast were updated in 
March 2014 to reflect the President’s Budget for Fiscal Year 2015. 
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Material price data is used to estimate the value of material shortfalls. Historical prices 
are used and generally obtained from commercial market reporting sources. 

Material Consumption Data 

Material consumption data is used to determine material demands required to fulfill the 
demand for goods and services (Material Consumption Ratios, MCRs). The NDS 
Program contracts with the U.S. Department of Commerce and the United States 
Geological Survey (USGS) to obtain historical material consumption data by main 
application which are then projected into the Base Case scenario period using the 
economic data. The Commerce and USGS data cover most of the materials under study. 
For many of the specialized materials, the NDS Program uses Federally Funded Research 
and Development Center and industry subject matter experts (SMEs) to obtain the 
consumption data. These data are generally provided for use at the proprietary level and 
are subject to protection from disclosure. 

Material Supply Data 

For most materials under study, data on supply are obtained from the USGS. These data 
include historical estimates of production by country, and projections of U.S. and foreign 
supply capacity over the scenario period. For specialized materials, the NDS Program 
uses Federally Funded Research and Development Centers and industry subject matter 
experts (SMEs) to obtain supply data. The supply data for these materials are also 
considered proprietary and are subject to protection from disclosure. 

Military Conflict Scenario, Platform Loss, and Munitions Expenditure Data 

OSD Policy approves the use of a specific (classified) combat planning scenario which is 
used in RAMF-SM. Both platform loss and munitions expenditure data are obtained from 
the Office of the Secretary of Defense Joint Data Support (OSD JDS) which maintains 
archives of these studies. 

Intelligence Community (IC) Assessments of Country Reliabilities and 
Capabilities 

Members of the Intelligence Community (1C) provide the NDS Program with a classified 
assessment of country reliabilities and capabilities which is used in RAMF-SM to 
ascertain reliable material supplies during the Base Case. These data were elicited via a 
formal tasking letter that was coordinated by the Institute for Defense Analyses (IDA) on 
behalf of the NDS Program. 
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List of 71 Major Data Items Required 

The broad areas of data inputs discussed in Chapter 5.1 provide only the highlights of the 
data requirements for Step 2 of RAMF-SM. The total number of individual data values is 
in the thousands. But these can be organized into 71 major data items (including 
databases and control inputs'*’). These items, along with the source of the data and the 
data type, are listed in Table A2c.l. 


Table A2c.l. List of Databases, Data Items, and Control Inputs for RAMF-SM 
Step 2 (Material Shortfall Assessment) 


No. 

Data Type 

Data Element 

Source/Information 

Provider 

1 

Conflict scenario data 

Approved use of scenarios and 
scenario products including; 
location, countries involved 

OSD-P, DUSD for 
Strategy. Plans and 
Forces 

2 

Conflict scenario data 

Homeland damage component 

OSD-P. DUSD for 
Strategy, Plans and 
Forces 

3 

Conflict scenario data 

Overall dates and timeline 

OSD-P. DUSD for 
Strategy, Plans and 
Forces 

4 

Conflict scenario data 

War damage factors 

OSD/Joint Staff, 
Services 


Conflict scenario data 

Shipping loss factors 

OSD/Joint Staff, 
Services 

6 

Conflict scenario data 

Alternative futures, and above 
requirements for each 

OSD-P, DUSD for 
Strategy, Plans and 
Forces 

7 

Weapon-related data 

Weapons lost and expended in the 
conflict scenario 

OSD/Joint Staff, 
Services 

8 

Weapon-related data 

Weapon costs, including 
appropriate inflation factors 

IDA 

9 

Weapon-related data 

Major End Item names, mapping, 
and types 

OSD/CAPE 

10 

Weapon-related data 

Defense translator vectors or 
decision on amounts for economic 
modeling 

OSD/CAPE 

11 

Weapon-related data 

W'eapon production lead times 

OSD, IDA 

12 

Weapon-related data 

Control inputs concerning 
production times 

NDS Program 


In this context, the term control inputs refers to single data elements such as option indicators and 
adjustment percentages that are not parts of a larger database or data set. 
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Table A2c.l. List of Databases, Data Items, and Control Inputs for RAMF-SM 
Step 2 (Material Shortfall Assessment) (continued) 


No. 

Data Type 

Data Element 

Source/Information 

Provider 

13 

Weapon-related data 

Above data for alternative futures 

OSD/Joint Staff, 
Services 

14 

Economic Data 

Package 

Economic Forecast 

CEA, INFORUM, 

IDA 

15 

Economic Data 

Package 

List of economic sectors and their 

names 

INFORUM 

16 

Economic Data 

Package 

Dollar year for data 

INFORUM 

17 

Economic Data 

Package 

Input-output matrices 

INFORUM 

18 

Economic Data 

Package 

Forecast economic files — 
peacetime (civilian, defense, 
exports, imports, output) 

IDA 

19 

Economic Data 

Package 

Forecast economic files — civilian 
austerity with advice of Civilian 
Agency Working Group (CAWG) 

IDA 

20 

Economic Data 

Package 

Forecast economic files — 
homeland damage 

IDA 

21 

Economic Data 

Package 

Data set on austerity profile (what 
levels, in which years) 

NDS Program, 

Civilian Agencies 

22 

Economic Data for 
Emergency 

Investment 

Capital coefficients 

INFORUM 

23 

Economic Data for 

Emergency- 

Investment 

Capital/output ratios 

INFORUM 

24 

Economic Data for 
Emergency 

Investment 

Investment lead times 

IDA 

25 

Economic Data for 
Emergency 

Investment 

Survey of Plant Capacity data for 
industry expansion 

Census 

26 

Economic Data for 

Emergency- 

Investment 

Control inputs— several 

NDS Program 

27 

Export Factor 
Adjustments 

Control input 

NDS Program 

28 

Import Factor 
Adjustments 

Matrix of imports by industry and 
country 

DoC, 

USATradeOnline 
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Table A2c.l. List of Databases, Data Items, and Control Inputs for RAMF-SM 
Step 2 (Material Shortfall Assessment) (continued) 


No. 

Data Type 

Data Element 

Source/Information 

Provider 

29 

Import Factor 
Adjustments 

Reliability, enemy zero-out, anti- 
U.S. sentiment, war damage, and 
shipping loss data (must be 
consistent with conflict scenario, 
same as used for material supply 
adjustment in Stockpile Sizing 
Module, prerequisite for import 
factor adjustments). 

IC, OSD/Joint Staff 
Services, others 

30 

Import Factor 
Adjustments 

Control inputs on modeling of 
anti-Li. S. sentiment 

NDS Program 

31 

MCR Creation 

Process 

Material consumption for recent 
year or year span 

DoC, uses, 
industry 

32 

MCR Creation 

Process 

Application areas and percentage 
breakdown of use by application 

DoC, uses, 
industry 

33 

MCR Creation 

Process 

Association of application areas 
with industry (ILIAD) sectors 

IDA 

34 

MCR Creation 

Process 

Units of measure 

DoC 

35 

MCR Creation 

Process 

Historical economic data for 
recent year or year span 

INFORUM 

36 

Computation of 
Material Demands 

Material consumption ratios 

Various (see items 
31-35) 

37 

Computation of 
Material Demands 

FORCEMOB output data 
(FORCEMOB run is a necessary 
prerequisite to material demand 
calculation) 

IDA 

38 

Computation of 
Material Demands 

Units of measure 

NDS Program 

39 

Computation of 
Material Demands 

Alternative computational 
methodology for materials for 
which MCR method is 
inappropriate 

IDA 

40 

Computation of 
Material Demands 

Special treatment of certain 
materials as needed (e.g., green 
ammo addition of tungsten in 2005 
study) 

NDS Program 
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Table A2c.l. List of Batabases, Data Items, and Control Inputs for RAMF-SM 
Step 2 (Material Shortfall Assessment) (continued) 


No. 

Data Type 

Data Element 

Sou rce/lnformation 
Provider 

41 

Computation of 
Material Demands 

Aluminum supply for metal-grade 
bauxite demand calculation 
(aluminum redistribution 
function). Not necessary if metal- 
grade bauxite is not modeled. 

uses 

42 

Basic Material Supply 
Information 

List #1 of materials to model. For 
each material, data elements listed 
in items 43-55 will be needed. 

NDS Program 

43 

Basic Material Supply 
Information 

U.S. production for recent year or 
years 

uses, IDA, NDS 
Program, others as 
appropriate 

44 

Basic Material Supply 
Information 

Foreign production, by country, 
for recent year or years 

uses, IDA, NDS 
Program, others as 
appropriate 

45 

Basic Material Supply 
Information 

U.S. capacity, estimated year by 
year starting with recent year and 
for each year of the scenario 

uses, IDA, NDS 
Program, others as 
appropriate 

46 

Basic Material Supply 
Information 

Foreign capacity, estimated year 
by year starting with recent year 
and for each year of the scenario 

USGS, IDA, NDS 
Program, others as 
appropriate 

47 

Basic Material Supply 
Information 

Separation by assuredness level of 
production facility 

USGS, IDA, NDS 
Program, others as 
appropriate 

48 

Basic Material Supply 
Information 

Listing of specific production 
facilities, if available 

USGS, IDA, NDS 
Program, others as 
appropriate 

49 

Basic Material Supply 
Information 

Concerted programs 

USGS, IDA, NDS 
Program, others as 
appropriate 

50 

Basic Material Supply 
Information 

Refinery capacity, if appropriate 
and available 

USGS, IDA, NDS 
Program, others as 
appropriate 

51 

Basic Material Supply 
Information 

Imports 

USGS, IDA, NDS 
Program, others as 
appropriate 

52 

Basic Material Supply 
Information 

Exports, if used in new modeling 

USGS, IDA, NDS 
Program, others as 
appropriate 
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Table A2c.l. List of Databases, Data Items, and Control Inputs for RAMF-SM 
Step 2 (Material Shortfall Assessment) (continued) 


No. 

Data Type 

Data Element 

Source/Information 

Provider 

53 

Basic Material Supply 
Information 

Ramp-up times 

IJSGS, IDA, NDS 
Program, others as 
appropriate 

54 

Basic Material Supply 
Information 

Prices. Be sure to convert units of 
measure for prices appropriately. 

uses, IDA, NDS 
Program, others as 
appropriate 

55 

Basic Material Supply 
Information 

Current and projected NDS 

Program inventories and legal 
stockpile goals 

NDS Program 

56 

Foreign Supply 
Decrement Factors 

Ability/infrastructure factors 

1C 

57 

Foreign Supply 
Decrement Factors 

Anti-U.S. sentiment factors 

1C 

58 

Foreign Supply 
Decrement Factors 

War damage factors 

OSD/Joint Staff, 
Services 

59 

Foreign Supply 
Decrement Factors 

Shipping loss factors 

OSD/Joint Staff, 
Services 

60 

Foreign Supply 
Decrement Factors 

Delay time for material delayed 
due to anti-U.S. sentiment (control 
input) 

NDS Program 

60a 

Foreign Supply 
Decrement Factors 

Control factor: length of time 
supply from enemy countries is set 
to zero 

NDS Program 

61 

Information for 

Market Share 
Detennination 

Lists of demander countries 

USGS, industry 

62 

Information for 

Market Share 
Determination 

GDP data, growth rate estimates, 
and inflation factors 

CIA World 

Faetbook, other 
sources 

63 

Information for 

Market Share 
Determination 

War damage decrement factors 

OSD-P, Military 
Services 

64 

Information for 

Market Share 
Determination 

Countries not in U.S. trading bloc 

State Department 

65 

Information for 

Market Share 
Determination 

U.S. imports. Provided as part of 
basic supply data. 

USGS, others as 
needed 
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Tabic A2c.l. List of Databases, Data Items, and Control Inputs for RAMF-SM 
Step 2 (Material Shortfall Assessment) (continued) 


No. 

Data Type 

Data Element 

Source/Information 

Provider 

66 

Information for 

Market Share 
Determination 

Non-U.S. production. Provided as 
part of basic supply data. 

uses, others 

67 

Information for 

Market Share 
Determination 

Decision on methodology 

NDS Program 

68 

information for 

Market Share 
Determination 

Expanded market share decision 
(control input) 

NDS Program 

69 

Usability Code Rules 
(control inputs) 

Dominator criterion 

NDS Program 

70 

Usability Code Rules 
(control inputs) 

Countries the supply from which 
is always defense-usable 

NDS Program 

71 

Usability Code Rules 
(control inputs) 

Completely unreliable countries 

NDS Program 


NDS Program analysts closely review the data inputs above, and engage in a detailed 
decision-making process regarding each input. The NDS Program judgment and approval 
process is discussed next. 
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Appendix 2d. Assumptions, Key Judgments, and Approval Process 

Once materials for the 2015 National Defense Stockpile (NDS Program) study were 
selected and data needs were identified, the Department reviewed the overall Base Case 
scenario description and determined the supply-side and demand-side assumptions. This 
appendix presents these assumptions, followed by the list of key judgments made by the 
Department (i.e,, NDS Program and other DoD offices). These judgments dictated how- 
each data input into the Risk Assessment Mitigation Framework for Strategic Materials 
(RAMF-SM) w-as treated in the modeling and analyses required for this 20 1 5 NDS 
Program report. 

Overall Scenario Description 

Sections 14(b) and 14(c) of the Strategic and Critical Materials Stock Piling Act require 
that the Secretary of Defense "shall base the national emergency planning assumptions on 
a military conflict scenario consistent with the scenarios use by the Secretaiy- in 
budgeting and defense planning purposes."” In addition, some of the assumptions for the 
analysis include: (1) a four-year national emergency scenario that assumes one year of 
conflict followed by three years of recovery/regeneration (e.g., repair of homeland 
damage, building the replacement requirements for the weapon losses and munition 
expenditures, continuing foundational activities). (2) estimates of all relevant defense 
sector demands (including those necessary to regenerate weapon systems lost and 
munitions expended in the conflict), and (3) essential civilian sector demands. For the 
purpose of this analysis, the national emergency scenario is postulated to cover four 
complete years: the beginning of 2017 through the end of 2020. 

The 2015 NDS Program military conflict scenario draws from elements of the Integrated 
Security Constructs (ISCs) for which the United States must be prepared (based on the 
classified, priority Defense Planning Scenarios promulgated by the Secretary of Defense 
for DoD programming and budgeting purposes). 

The conflict, which occurs within the first year of the four-year national emergency 
scenario, was constructed as a hybrid to include the following: ( I ) a catastrophic attack 
on a U.S. city by a foreign terrorist organization or rogue state; (2) two, near- 
simultaneous major combat operations (i.e.. state vs. state conflicts); (3) war damage 
from a near-peer competitor, and (4) ongoing foundational activities (i.e., deterrence, 
forward presence, and building partner capacity). Replacement requirements for weapon 
losses and munitions expenditures in the major combat operations were developed by the 
Office of the Secretary of Defense/Cost Analysis and Program Evaluation (OSD/CAPE). 


^ ' See Appendix I of this report for additional details. 
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The combination of these four areas addresses the statutory requirements for the NDS 
Program Report to Congress while also conforming to OSD Policy guidance.’* 

Supply-Side Assumptions for the Base Case 

US. Production, Capacity, and Ramp-up 

U.S. material producers operating at less than full capacity could increase output to 
mobilization levels (i.e., full production within existing capacity) during a contingency. 
The United States is assumed to be able to obtain all of the current output and any- 
increased output. The Base Case assumes that during the first six months of the first 
scenario year, the United States may acquire the estimated production from U.S. 
producers. After the first six months of the scenario, the United States is assumed to be 
able to acquire the full-capacity output of U.S. producers. This is consistent with an 
assumption that moving to mobilization levels will also take approximately six months to 
obtain all necessary additional skilled labor, production equipment permits and funding. 
The national emergency posited in the Base Case postulates that all necessary funding 
will be made available by the U.S. Government to achieve these levels of production. 

Note that the U.S. supply does not include any inventory that might be in the NDS 
Program . The idea is to determine whether available material supply — under the 
Base Case assumptions, without any mitigation measures applied — is sufficient to offset 
material demand. If it is not, various mitigation measures, including stockpiling, are 
considered. 

Foreign Production, Capacity, and Ramp-up 

Foreign material producers operating at less than full capacity could increase output to 
mobilization levels (full production within existing capacity) during a contingency. 
Depending on the extent of global shortages and competition for supplies, the United 
States is assumed to be able to obtain its normal market share of any increased output 
(subject to adjustments for reliability, war damage, and shipping losses, as mentioned 
below). The Base Case assumes that during the first six months of the first scenario year, 
the United States may acquire its normal market share of estimated reliable, undamaged 
foreign production from countries that are not enemy combatants. After the first six 
months of the scenario, the United States is assumed to be able to acquire its normal 
share of full-capacity output. As with U.S. supply, this is consistent with an assumption 
that moving to full capacity mobilization levels will take, on average, about six months to 


OSD Policy would like to highlight that these scenarios; (a) are estimates of future demands, (b) reflect 
the current strategy (i.e., it’s not a post-sequestration strategy), and (c) are not force-managed in 
conjunction with other contingencies. These products are in the early stages of being revised and there may 
be potential changes to forces and Concept of Operations (CONOPS). 
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obtain all necessary additional skilled labor, production equipment, permits and funding. 
The national emergency posited in the Base Case postulates that all necessary funding 
will be made available by the U.S. Government to achieve these levels of production. 

Secondary Supply 

Secondary U.S. supply (i.e., recycled material) is assumed to be available in the amounts 
indicated in the databases, and is assumed to be capable of offsetting defense (and 
emergency investment) demands, as well as civilian demands. It is believed that in a 
national emergency reprocessing capability, rather than the availability of scrap 
feedstock, will be the tightest factor in determining the amount of usable secondary 
supply. The USGS secondary supply data are for reprocessing capacity. 

Unlike past reports, for the 2015 report there was an effort to identify foreign sources of 
secondary supply and include them in the foreign supply amounts. Like all foreign 
supplies, the RAMF-SM modeling adjusts them by a market share factor and conflict- 
related decrement and delay factors. 

Concerted Programs 

Concerted programs represent potential material production facilities that are not 
currently in operation, but could be brought online after a period of time if a certain 
(possibly large) amount of money were invested in them. Such programs might include 
restarts of dormant facilities, expansions at existing facilities, or construction of new 
facilities. However, the 2015 Base Case assumes that concerted programs will not be 
available. Rather, it only assumes the availability of production capability that is already 
active or that is currently expected to become active during the Base Case time frame, 
whether U.S. or foreign. Without significant pre-planning and contingency contract 
arrangements, the timelines for activating conceited programs are assumed to be too long 
to be relevant for Base Case assessments. 

Supply from Combat Adversaries (enemy combatants) 

Enemy combatant states are not considered available to supply materials, goods, and 
services to the United .States for a period of time surrounding the conflict, due to some 
combination of enemy embargoes, U.S. sanctions, and potential war damage. The Base 
Case assumes this "no-supply” period lasts for one year. During that year, the enemy 
combatant states' supplies are unavailable to the United States. The availability of such 
supplies in subsequent years is assumed to be a function of the particular country’s 
infrastructure reliability, lingering anti-U.S. sentiment, and other relevant scenario 
considerations mentioned in this section. 
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Supply from Unwilling Countries (antl-U.S. sentimentp^ 

Some foreign governments, not necessarily directly involved in combat, may be judged 
partially or completely unwilling to supply materials to the United States as a result of the 
contingency. Under Base Case assumptions, the United States is assumed to eventually 
obtain its nonnal share of the “unwilling fraction” of those materials, even from 
unwilling sources, by dealing with third parties on global markets. However, such 
indirect acquisitions will be subject to non-trivial delays. For the Base Case, the delay 
for materials is assumed to be six months. The proportion of a country’s materials 
deemed unreliable due to unwillingness (and thus subject to a six-month delay) depends 
on the degree of its hostility, as indicated by a willingness score provided by the 
Intelligence Community (IC) (see Appendix 2f). 

Foreign Infrastructure/Ability Reliability Factors 

Some foreign economies, not necessarily directly involved in combat in the Base Case, 
may be judged more or less able to supply the quantity of materials that they might 
normally provide based on their current production levels and supply capacities. Thus, 
they may prove unreliable as a result of scenario-specific levels of political instability, 
labor unrest, or breakdowns in transportation or power infrastructures. (Note that foreign 
infrastructure reliability is a separate source of decrement than war damage itself.) Such 
scenario-specific problems are estimated by the IC. The evaluators assign a value (0 to 
100 percent) of a country’s anticipated material output that is assumed to be lost due to 
this factor. See Appendix 2f for more details. 

War Damage Factors 

Countries involved in the conflict are subject to war damage that might affect their ability 
to produce materials, goods, and services. Reduction factors to model war damage are 
set to be consistent with the particulars of the conflict scenario. See classified Appendix 
2g for details. 

Shipping Loss Factors 

Material and goods from certain countries might be subject to losses in transit due to 
attack from enemy countries. Reduction factors to model this depend on the country of 
origin, and are set to be consistent with the particulars of the conflict scenario. See 
classified Appendix 2g for details. 


.Any material subject to a delay from an unwilling country is assumed to be unavailable to satisfy any 
U.S. defense demands. The delayed material, however, can be used to satisfy U.S. civilian demands. 
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U.S. Share of Foreign Supplies ("U.S. market share") 

Another input to the requirements estimation process is the share of foreign material 
supplies that the United States can expect to acquire. Other countries, especially our 
allies and friends, will need a portion of available materials to meet their needs and 
unfriendly countries may still be able to outbid the United States on world markets for 
materials. Accordingly, the Base Case limits the U.S. share of the scenario-specific 
estimates of reliable foreign production to the largest of three measures: (1 ) the share of 
foreign projected peacetime production that when added to projected U.S, peacetime 
production will exactly equal U.S. projected peacetime demand, where the projections are 
for the first scenario year (2017); (2) the current U.S. share of foreign production; and 
(-3) its share of the combined gross domestic products (GDPs) of the countries that 
demand the material. 

The rationale for the third measure is as follows. GDP is considered a measure of ability 
to bid for material. Other things being equal, the larger the U.S. GDP is relative to the 
GDPs of other countries that demand the material, the more material for which the United 
States can successfully acquire. In a national emergency, if necessary, the U.S. is 
assumed to be able to use its economic power to bid for a larger share of material than it 
imports in peacetime, but this share is limited by the GDP ratio. 

A separate market share value is computed for each material. For most materials, the 
third measure, the GDP ratio, is the largest. This regular share operates in addition to the 
conflict-related decrement factors. In the Base Case, only the regular share of foreign 
supplies, as indicated above, is allowed. A possible market response involves the United 
States purchasing an extra share of foreign production that corresponds to currently 
unused capacity. See Appendix 3c for details on the market response, ‘‘Extra Sell’". 

Usability of Supply to Satisfy Defense Demand (foreign market dominators) 

The modeling process allows certain foreign material supply to be precluded from 
satisfying U.S, defense and emergency investment demands. (It can, however, be used to 
satisfy essential civilian demand.) A number of input factors govern exactly which kinds 
of foreign supply are assumed to be capable of offsetting defense demand. 

In the 2015 Base Case, available foreign supply (after all the relevant decrements 
mentioned above have been applied) is allowed to offset defense demand — unless the 
material comes from a country that is a "market dominator," defined as a foreign country 
that produces more than half of the global production of that material.'® As in past NDS 
Program Requirements Reports, the 2015 Base Case assumption is that a market 


This calculatioa/assessment of a market dominator is made prior to applying any decrements to the 
initial supply estimates. 
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dominator’s production may not be counted upon by the United States to meet defense 
(and emergency investment) demands. The reason for this is the belief that it is 
especially risky to depend upon supplies from a single foreign source rather than from a 
variety of such sources, given the greater potential for accidents, natural disasters, or 
deliberate sabotage, not otherwise explicitly accounted for in the scenario, to disrupt a 
single source by comparison with multiple sources. Such dependence on a single source 
is assumed in the 2015 Base Case to be unacceptably risky in regard to meeting defense 
demands. An alternative plausible assumption could extend this restriction to essential 
civilian demands as well. 

Single Point of Failure 

In order to properly categorize all risks associated with strategic material supply chains. 
Section 2(b) of the Strategic and Critical Materials Stock Piling Act (50 U.S.C. 98a(b)) 
was amended in the National Defense Authorization Act for Fiscal Year 2013 (Public 
Law 1 12-239). The phrase "or single point of failure" w'as added after "foreign sources": 
"...to decrease and to preclude, when possible, a dangerous and costly dependence by the 
United States upon foreign sources or a single point of failure for supplies of such 
materials in times of national emergency." 

A single point of failure is a facility or site that is the sole domestic location where a 
material is mined, processed or produced and for which dependence upon it for supply in 
a national emergency could prove to be dangerous and costly. Foreign production of the 
material is addressed separately, under the “foreign market dominator” criterion. Supply 
from single points of failure was not used to meet national emergeney demand for the 
2015 NDS Program Requirements Report Base Case. 

Demand-Side Assumptions for the Base Case 

The 2015 Requirements Report Base Case demands for essential goods and services are 
projected on a time-phased basis for all military, industrial, and essential civilian uses of 
strategic and critical materials under the specified four-year Base Ca.se. For the 2015 
NDS Program Requirements Report Base Case, this requires projections for the conflict 
year (20 1 7) and each of the three regeneration years (20 1 8-20). Some of the specifics 
are discussed below. 

Economic Growth 

The study projects future U.S. demands for strategic and critical materials based, in part, 
on an official recent forecast of the U.S. economy. The data used for the Base Case 
economic inputs are consistent with the Pre,sidenf s Council of Economic Advisors’ 
(CEA’s) 2013 Mid-Summer review data, released in July 2013. The federal government 
budget data in the forecast was updated in March 2014 to reflect the President’s Budget 
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for fiscal year 2015. This official forecast is used by the Administration to support policy 
and budgetary deliberations. 

Defense Demand 

Goods and services consumed by the defense sector consists of two parts. The first part 
corresponds to consumption under the ongoing defense budget. Demands upon each of 
360 sectors of the U.S. economy are estimated using special economic forecasting models 
from the Inter-industry Forecasting Project at the University of Maryland (INFORUM). 
The inputs to these models are set to be consistent with the Future Years Defense 
Program (FYDP) for fiscal years 2017 through 2020. The second part corresponds to 
goods and services needed to rebuild key weapons lost and consumed in the postulated 
Base Case conflict scenario. These demands are estimated using data from the Assistant 
Secretary of Defense for Cost Assessment and Program Evaluation, as well as 
information from INFORIJM. All defense demands are considered essential. 

Essential Civilian Demand 

Goods and services consumed by the civilian sector are projected over the scenario 
period (i.e., 2017 through 2020) using the economic forecasting models from the 
INFORUM organization. The inputs to these models are set to be consistent with the 
CEA’s forecast of the economy for that period, as mentioned above. 

Consistent with past reports, this report assumes many of these civilian demands for 
goods and services will need to be met. However, under Base Case assumptions, not all 
goods and services consumed in the civilian sector are deemed essential. Thus, 
reductions are made for some civilian demand to preclude stockpiling for items that 
would be considered nonessential during the one-year conflict and three-year 
regeneration period. These reductions in civilian demands are consistent with the Stock 
Piling Act requirement that only essential civilian needs should be taken into account 
when determining how much material should be stockpiled. In this regard, this report 
does not assume that the Federal Government would necessarily impose wide and 
detailed regulations to ration nonessential goods and services during the four-year Base 
Case. The market economy might provide these goods and services at the level estimated 
in the peacetime forecast. However, consistent with the statutory guidance, the NDS 
Program will not be structured to ensure the availability of nonessential items by 
stockpiling materials for their production. 

The study uses certain factors to determine the portion of forecasted civilian demand that 
should be considered essential and thus be included in the essential demands under the 
Base Case. The factors are less stringent in the first (combat/conflict) year than in the 
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subsequent three years of regeneration. Appendix 2e provides more details on these 
reduction factors. 

Imports and Exports 

The economic forecasting models from the University of Maryland, which forecast 
defense demand and civilian demand for goods and services, also forecast imports and 
exports of goods and services (for each of 360 different sectors of the economy), under 
peacetime (baseline, steady-state) conditions. Goods produced for export constitute a 
source of material demand (the materials needed to produce these goods). Conversely, 
materials contained in imports of finished goods lessen the demand for the materials 
needed to produce such goods domestically. When computing the material demand that 
the U.S. Government needs to address via stockpiling or other measures, the modeling 
process considers some portion of the material amounts associated with imports and 
exports. 

The material amounts associated with imports and exports can be adjusted to be 
concordant with the national emergency scenario. This is modeled by decrementing the 
forecasted imports and exports of goods and services, and then using these decremented 
values when computing material demand from industrial demand. The decrement factors 
vary by sector of the economy. Imports are decremented in the Base Case to factor in the 
“unreliabilities” from the particular countries of origin (provided by members of the IC). 
Imports of goods from adversary countries arc considered unavailable during the one- 
year conflict scenario. Exports are judgmentally decremented to reflect the fact that in a 
national emergency, (a) the United States might need some of the goods that would 
otherwise be exported, (b) the United States might need the material used to produce 
those goods, or (c) the United States might not want to guarantee government coverage 
for one or more of those materials. In the Base Case, for most sectors of the economy, 
exports of goods and services arc set to 85 percent of their forecasted peacetime values, 
in all years of the scenario. 


Homeland Recovery 

A catastrophic attack on a major U.S. city by a foreign terrorist organization or rogue 
state would cause substantial destruction of fixed assets and consumer durables. The 
Base Case assumes that such an attack occurs in the first year. A homeland recovery 
program to replace those lost fixed assets and consumer durables would require a total of 
approximately $200 billion in private and government spending over the following three 
regeneration years. These recovery demands are treated as essential. They are 
apportioned between the defense, essential civilian, and import demand sectors for 
estimation and tracking purposes in this 2015 NDS Program study. 
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Key Judgments and Approval Process 

As part of a comprehensive data validation effort underway at the National Defense 
Stockpile (NDS Program), all key judgments associated with each step of RAMF-SM 
were considered by the NDS Program management (or, in some cases, other DoD 
organizational authority), and, where applicable, material level details were assigned to 
one of four material leads within the organization. Each material lead reviewed all 
material-level data inputs, decisions, and outputs associated with the RAMF-SM 
analyses. Table A2d.l offers examples of such judgments made in support of RAMF-SM 
Step 2. 


Table A2d.l. Key Judgments in Support of RAMF-SM Step 2 


Data Type 

Description of Judgment/Policy 
Variable 

Approach for 
2015 Report 

Decision 

Maker 

Conflict 
scenario data 

War damage factors 

Specific 
classified set 

OSD-Policy 

Conflict 
scenario data 

Shipping loss factors 

Specific 
classified set 

OSD-Policy 

Weapon- 
related data 

Platform losses and munitions 
expenditures for the conflict scenario 

Sum of 
maximum 
values for CCl 
and CCS 

OSD-Policy 

Weapon- 
related data 

In calculating industry demand, 
FORCEMOB uses production times 
for Major End Items. Emergency 
production times may be set equal to 
peacetime production times, or may 
reflect compressed (or lengthened) 
production times as a percentage 
factor. 

Emergency 
lead times set 
at 90 percent of 
peacetime lead 
times 

NDS Program 

Weapon- 
related data 

Rather than using what is in the input 
file, impose a minimum emergency 
production time in terms of a number 
of months. 

1 month 

NDS Program 

Weapon- 
related data 

Rather than using what is in the input 
file, impose a maximum emergency 
production time in terms of a number 
of months. 

None imposed 

NDS Program 

Weapon- 
related data 

For long production time items 
(production times longer than the 
scenario period), determine what 
proportion to produce. 

Production 
proportionate 
to scenario 
period 

NDS Program 

Economic 
data package 

Adjustment factor for civilian 
demand 

No adjustment 

NDS Program 
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Table A2d.l. Key Judgments in Support of RAMF-SM Step 2 (continued) 


Data Type 

Description of Judgment/Policy 
Variable 

Approach for 
2015 Report 

Decision 

Maker 

Economic 
data package 

Adjustment factor for base military- 
demand 

No adjustment 

NDS Program 

Economic 
data package 

Homeland damage 

$200B in 
spending over 
three 

regeneration 

years 

NDS Program 

Economic 
data package 

Essential civilian requirements to 
support the national emergency, and 
civilian austerity measures required 
during the Base Case. 

Revised based 
on Civilian 
Agency input 

NDS Program 
with input of 
Civilian 
Agencies 

Economic 
data for 
emergency 
investment 

Percentage value, for all industries, 
that a plant will expand from current 
operating capacity towards 

Emergency Operating Capacity 
(EOC). 

90 percent 

NDS Program 

Economic 
data for 
emergency 
investment 

Military/civilian fungibility, or dual 
use, factors are used to model the 
interchangeability of military versus 
civilian productive capacity. If no 
percentage is selected, all industries 
are assumed to have complete 
fungibility. A selected percentage 
indicates the percentage of productive 
capacity that is interchangeable. 

Set to 50 
percent 
fungibility for 
all industries 

NDS Program 

Economic 
data for 
emergency 
investment 

Ramp up time is the amount of time, 
in months, that it takes for a plant to 
expand from its current operating 
level to the new level. 

6 months 

NDS Program 

Economic 
data for 
emergency 
investment 

Investment lead times gives, for each 
industry, the amount of time (in 
months) necessary to build additional 
productive capacity in that industry. 

A percentage factor, or multiplier, 
may be used to adjust lead time 
values. The same factor is used for 
all industries. A factor of less than 

100 percent reduces lead times in 
concordance with a mobilization 
scenario. A factor greater than 1 00 
percent can be used to examine the 
effect of lengthening the lead times. 

90 percent 

NDS Program 
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Table A2d.l. Key Judgments in Support of RAMF-SM Step 2 (continued) 


Data Type 

Description of Judgment/Policy 
Variable 

Approach for 
2015 Report 

Decision 

Maker 

Economic 
data for 
emergency- 
in vestment 

Additional capacity delay time is a 
variable that may be set to indicate a 
selected number of months after the 
simulation start that shortfalls are 
redressable via investment. 

0 

NDS Program 

Economic 
data for 
emergency 
investment 

Values to use for missing data in 
peacetime production fraction of 
Emergency Operating Capacity 
(EOC) by industry sector 

Use average of 
industry sectors 
that have 
estimates 

NDS Program 

Export 

adjustment 

factors 

Export adjustment factors, by 
industry and year, for a specified 
range of years (not necessarily the 
whole scenario period). 

Use the same 
factors as used 
in the 2013 

NDS Program 
Report (85 
percent for 
most industries 
for all years) 

NDS Program 

import 

adjustment 

factors 

List of designated enemy countries 

Use set of 
countries 
designated in 
Future 1 

OSD-Policy 

Import 

adjustment 

factors 

Period of complete supply shutoff for 
designated enemy countries 

1 year 

OSD-Policy 

Import 

adjustment 

factors 

Decrement U.S. goods and services 
(G&S) imports due to foreign 
inability to produce/delay due to 
unwillingness to sell to US 

Use IC ability 
and 

unwillingness 
factors as 
proxy: apply 
time delay of 
six months for 
goods and 
services due to 
unwillingness 

NDS Program 

MCR 

Creation 

Process 

Consumption information and 
application areas 

Information 
from uses, 
Commerce, 
and/or material 
lead 

NDS Program 
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Table A2d.l. Key Judgments in Support of RAMF-SM Step 2 (continued) 


Data Type 

Description of Judgment/Policy 
Variable 

Approach for 
2015 Report 

Decision 

Maker 

MCR 

Creation 

Process 

Years of historical consumption 
information to use 

Recent years 

(2010-2012 

where 

available, will 
differ by 
material and 
availability of 
data) 

NDS Program 

MCR 

Creation 

Process 

Association of application areas with 
industry (ILIAD) sectors 

Differs by 
material, 
mapped by 

IDA 

NDS Program 

MCR 

Creation 

Process 

Units of measure 

Units 

designated by 
NDS Program, 
synchronized 
with stockpile 
units 

NDS Program 

Basic 

Material 

Supply 

Information 

Use of secondary production 

Specific set 
(most recent 
update), differs 
by material 

NDS Program 

Basic 

Material 

Supply 

Information 

Adjustment of peacetime supply 
estimates from USGS (estimates tend 
to flatiine in outyears) 

Supply 
adjustments, 
differs by 
material 

NDS Program 

US and 

Foreign 

Supply 

Estimates 

Development of a method for 
handling missing data values; 
categorization of missing data 
performed and approach standardized 
within a category, where possible 

Where 

possible, used a 
common 
approach to 
missing data 

NDS Program 
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Table A2d.l. Key Judgments in Support of RAMF-SM Step 2 (continued) 


Data Type 

Description of Judgment/Policy 
Variable 

Approach for 
2015 Report 

Decision 

Maker 

Basic 

Material 

Supply 

Information 

Use of capacity confidence levels 

Specific set, 
differs by 
material, but 
unless 
otherwise 
specified by 
material lead, 
include 

Capacity Status 

1 and 2 and 
exclude 

Capacity Status 

3 

NDS Program 

Basic 

Material 

Supply 

Information 

Ramp-up time for supply 

Use 2013 
approach 

NDS Program 

Basic 

Material 

Supply 

Information 

Current and projected NDS Program 
inventories and legal stockpile goals 

No legal goals 
for 20 15 RR 

NDS Program 

Information 
for Market 
Share 

Determination 

War damage GDP decrement factors 

Same specific 
classified set as 
in 2013 

NDS Program 

Information 
for Market 
Share 

Determination 

Decision on GDP methodology 

GDPs projected 
to Base Case 
period using 
growth rates 

NDS Program 

Information 
for Market 
Share 

Determination 

Decision on market share 
methodology 

Used the larger 
value: initial 
clearing market 
share, imports 
to non-US 
production, or 
GDP ratio 

NDS Program 

Information 
for Market 
Share 

Determination 

Expanded market share decision 
(control input) 

Use 2013 
approach 

NDS Program 
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Table A2d.l. Key Judgments in Support of RAMF-SM Step 2 (continued) 


Data Type 

Description of Judgraent/Policy 
Variable 

Approach for 
2015 Report 

Decision 

Maker 

Usability 

Code Rules 

(control 

inputs) 

Dominator criterion 

Use 2013 
approach 

NDS Program 

Usability 

Code Rules 

(control 

inputs) 

Single point of failure criterion 

Not included in 
Base Case 

NDS Program 

Usability 

Code Rules 

(control 

inputs) 

Countries where supply is always 
defense-usable 

U.S. and 

Canada 

NDS Program 

Usability 

Code Rules 

(control 

inputs) 

Completely unreliable countries 

Specific set 
(most recent 
update) 

NDS Program 
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Appendix 2e. Essential Civilian Demand Factors 

The statute governing the National Defense Stockpile (NDS Program) requires that the 
Biennial Report on Stockpile Requirements set forth the National Security Planning 
Assumptions used by the Secretary of Defense in determining recommendations for 
stockpile requirements.-' Two of the planning assumptions specified in the statute 
address civilian requirements, namely: 

• The military, industrial, and essential civilian requirements to support the national 
emergency 

• Civilian austerity measures required during the mobilization period and military 
conflict 

This appendix describes the process established by the Department of Defense (DoD), 
after consultation with a civilian agency working group, to determine which civilian 
requirements should be considered essential. The process uses percentage reduction 
factors to identify the portions of projected normal civilian demands deemed 
nonessential.-’ Essential civilian requirements are calculated by reducing projected 
demands by the percentages specified in the reduction factors. Only the decremented 
demands are considered essential and used in the determination of requirements for the 
materials included in this study. 

The reduction factors serve to support key national security objectives while limiting 
potentially costly requirements for the materials included in this study. Requirements 
that are deemed essential can be grouped according to the following purposes: 

• Procuring goods and services for defense; 

• Sustaining supporting industries; 

• Maintaining national economic strength; 

• Providing government services; 

• Maintaining an adequate civilian standard of living; and 

• Recovering from an attack on the U.S. homeland. 


” See U.S. Code 50, § 98h-5. 

22 

Civil departments and agencies invited to participate in the essential civilian demand decision process 
included Agriculture, Commerce, Energy, Health and Human Services, Homeland Security, Housing and 
Urban Development, Interior. Labor, the Office of Management and Budget, State, Transportation, and 
Treasury. 

23 

Events during the crisis would influence civilian demands, both positively and negatively, across the 
four-year Base Case. However, essential civilian demands are calculated based on forecasts of normal 
peacetime demands. 


Appendix 2-46 



183 


Reduction factors are defined for 83 types of personal consumption and 25 types of 
construction, as shown in Tables A2e.l and A2e.2 on the following pages.” As indicated 
in the tables, the factors are generally lower during year one of the four-year Base Case. 
This allows for a period of transition to help the civilian sector adjust to developing 
material shortages. 

Personal Consumption Expenditures 

The 83 spending categories listed in Table A2e.l represent types of personal 
consumption. The values (including zeroes) in the table represent the percentage 
decrements imposed on projected civilian spending to eliminate non-essential items. For 
personal consumption, those categories with a “+”’sign are incremented proportionally so 
that total consumption across all the categories remains at the projected total level. 

Generally, large reduction factors are specified for the various types of consumer durable 
goods, up to 75 percent for new automobiles, leisure vehicles, and jewelry. Consumer 
durables — those that are “consumed” over a longer period of time (e.g., vehicles and 
refrigerators) — are targeted because their production is especially intensive in the use of 
the materials included in this study.^’ In light of potential energy shortages, gasoline and 
foreign travel are also targeted for reductions. 

For a number of personal consumption categories, a “+” sign is displayed in lieu of a 
reduction factor. These sectors generally represent nondurable goods and services, 
sectors that make relatively little use of study materials. It is presumed that these items 
will be available in ample supply and that consumers will offset reductions in spending 
on consumer durables by spending more on these items. That is, spending in these 
categories will exceed projected normal spending. 

A reduction factor of zero is indicated for a number of sectors. These sectors generally 
represent necessities and are mainly nondurable goods and services that do not make 
intensive use of study materials. The zero reduction factors indicate that projected 
spending is considered essential and that consumer spending will be in line with normal 
projections. 


” These particular spending categories correspond to those defined in the economic model used for this 
2015 NDS Program study (see Appendix 2b). 

Note that spending to replace consumer durables damaged during an attack on the U.S. homeland is 
considered essential. Similarly, construction to replace damaged assets is considered essential. The 
reduction factors on Tables A2e.l and A2e.2 do not apply to such spending on homeland recovery. 
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Table A2e.l. Percentage Reduction Factors to Eliminate Nonessential Personal 
Consumption Spending 


Personal Consumption Categories^* 

Conflict 

Regeneration 

Year 1 

Year 2 

Year 3 

Year 4 

1 

New cars 

50.0 

75.0 

75.0 

75.0 

2 

New light trucks 

25.0 

50.0 

50.0 

50.0 

3 

Used cars and trucks 

15.0 

25.0 

25.0 

25.0 

4 

Tires, tubes, accessories 

25.0 

50.0 

50.0 

50.0 

5 

Furniture 

25.0 

50,0 

50,0 

50,0 

6 

Household appliances 

25.0 

50,0 

50.0 

50.0 

7 

Glassware, tableware 

25.0 

50.0 

50.0 

50.0 

8 

Tools and equipment 

25.0 

50.0 

50.0 

50,0 

9 

Video equipment 

25.0 

50.0 

50.0 

50.0 

10 

Photographic equipment 

25.0 

50.0 

50.0 

50.0 

11 

Information processing equipment 

25.0 

50.0 

50.0 

50.0 

12 

Sports equip, guns, musical 
instruments 

25.0 

50.0 

50.0 

50.0 

13 

Sports & recreational vehicles 

50.0 

75.0 

75,0 

75.0 

14 

Books 

25.0 

50.0 

50.0 

50.0 

15 

Jewelry and watches 

50.0 

75.0 

75.0 

75.0 

16 

Therapeutic appliances 

0.0 

0.0 

0.0 

0,0 

17 

Luggage 

+ 

- 

-h 

4- 

18 

Telephone and fax equipment 

25.0 

50.0 

50.0 

50,0 

19 

Cereals and bakery products 

0.0 

0.0 

0.0 

0.0 

20 

Meat, poultry, eggs, dairy 

0.0 

0.0 

0.0 

0.0 

21 

Fruit and vegetables 

0.0 

0,0 

0.0 

0.0 

22 

Nonalcoholic beverages 

0.0 

0.0 

0.0 

0.0 

23 

Other food products 

0.0 

0.0 

0.0 

0.0 

24 

Alcohol 

0.0 

0.0 

0,0 

0.0 

25 

Clothing, women and children 

+ 


4- 

+ 

26 

Clothing, men and boys 


4- 

-t- 

+ 

27 

Other clothing 

+ 

+ 


4- 

28 

Footwear 

+ 

+ 

+ 

4- 

29 

Motor vehicle fuels 

25.0 

50,0 

50.0 

50.0 

30 

Fuel oil 

0.0 

0.0 

0.0 

0.0 

31 

Pharmaceutical products 

+ 

+ 

+ 

4- 

32 

Other medical products 


+ 

+ 

4- 

33 

Games, toys 


+ 

4- 

4- 

34 

Pets, plants 

+ 

-i- 

+ 

+ 


Household supplies 

+ 

+ 

+ 

-f 


Personal care products 



+ 

+ 

37 

Tobacco 



+ 

+ 


Personal consumption refers to spending by individual consumers. It does not include .spending by 
busines.ses or the government. 
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Table A2c.l. Percentage Reduction Factors to Eliminate Nonessentiai Personal 
Consumption Spending (continued) 




Conflict 

Regeneration 


Year 1 

Year 2 

Year 3 

Year 4 

38 

Magazines, stationery 

+ 

+ 

+ 

4 


Net expenditures abroad by US 
residents 

50.0 

75.0 

75.0 

75.0 

EM 

House rent 

+ 

+ 

+ 

4 

um 

Owner-occupied housing 

+ 

+ 

+ 

4 

EEB 

Rental value of farm dwellings 

0.0 


0.0 

0.0 

EEB 

Water supply and sanitation 

+ 


+ 

4 

EM 

Electricity 

0.0 


0.0 

0,0 

Ea 

Gas 

0.0 

0.0 

0.0 

0.0 

46 

Physicians 

0.0 

0.0 

0.0 

0.0 

47 

Dentists 

0.0 

0.0 

0.0 

0.0 

EM 

Home health care 

0.0 

0.0 

0.0 

0.0 

EM 

Medical laboratories 




0.0 

EM 

Other medical services 


0.0 


0.0 

m 

Hospitals 

+ 

+ 


4 

a 

Nursing homes 

+ 

+ 

+ 

4 


Motor vehicle maintenance 

+ 

+ 

+ 

4 

Em 


0.0 

0.0 

0.0 



Ground transport 

+ 

+ 

+ 

4 

ai 

Air and water transport 

+ 

+ 

+ 

4 

ai 

Clubs, sport centers, theatres 

+ 

+ 

+ 

+ 

a 

Cable and satellite TV 

-t- 

+ 

4 

4 


Photo service, computer repair 

+ 

+ 

+ 

4 

rM 

Gambling 

O- 

+ 

+ 

4 

ai 

Other services 

+ 

+ 

+ 

4 

IMI 

Eating and drinking places 

EEB 

0.0 

0.0 

EOHii 

H 

Alcohol in purchased meals 

EEB 

0.0 

0.0 

@■■1 

B 

School lunches 


0.0 


QQHIIII 

■ 

Accommodations 




mmm 


Financial services 




I^B 

mm 

Life insurance 

4- 

+ 

4 

4 

B 

Net household insurance 

+ 

+ 

4 

4 

ME 

Net health insurance 

+ 

+ 

4 

4 

Bf 

Net motor vehicle insurance 


+ 

4 

4 

B 

Telecom services 

+ 

+ 

4 

4 

72 

Postal services 

0.0 

0.0 

0.0 

0.0 

73 

Internet access 

+ 

-f 

4 

4 


Personal consumption refers to spending by individual consumers. It does not include spending by 
businesses or the government. 
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Table A2c.l. Percentage Reduction Factors to Eliminate Nonessential Personal 
Consumption Spending (continued) 


Personal Consumption Categories^’ 

Conflict 

Regeneration 

Yearl 

Year! 

Year 3 

Year 4 

74 

Higher education 

+ 

+ 

+ 

+ 

75 

Nursery - secondary school 

+ 

+ 

4- 

4- 

76 

Commercial schools 

+ 

+ 

4- 

+ 

77 

Professional and other services 

+ 

-f 

+ 

+ 

78 

Personal care 


+ 

+ 

4- 


Social and religious services 

+ 

+ 

+ 

4- 


Household maintenance 

+ 

-f 

4- 

+ 


American travel abroad 

50.0 

msami 


75.0 

191 

Foreigner spending in the US 


EsmHi 

75.0 

75.0 

83 

Final consumption by nonprofits 

+ 

+ 

+ 

4- 


Construction 

The 25 spending categories shown on Table A2e.2 represent various types of 
construction, Because construction generally makes intensive use of study materials, the 
reduction factors for some of these categories are quite high, rising to 67,5 percent for 
residential construction and 50 percent for several commercial sectors. However, all 
government construction is considered essential as is private construction of transport, 
communications, and energy infrastructure. In these cases, the reduction factor is zero 
and spending is presumed to be in line with normal projections. 
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Table A2e.2. Percentage Reduction Factors to Eliminate 
Nonessential Private Construction Spending^* 



Construction Categories 

Conflict 

Regeneration 


Year 1 

Year 2 

Year 3 

Year 4 

1 

1 Unit Residential Structures 

50.0 

67.5 

67.5 

67.5 

2 

2 Or More Unit Residential 
Structures 

50.0 

67.5 

67.5 

67.5 

3 

Mobile Homes 

0.0 


0.0 

0,0 

4 

Additions & Alterations 

50.0 

67.5 

67.5 

67.5 

5 

Hotels, Motels, Dormitories 

25.0 

50.0 

50.0 

50.0 

6 

Industrial 

25.0 

50.0 

50.0 

50.0 

7 

Offices 

25.0 

50.0 

50.0 

50.0 

8 

Stores, Restaurants, Garages 

25.0 

50.0 

50.0 

50,0 

9 

Religious 

25.0 

50.0 

50.0 

50.0 

10 

Educational 

0.0 

0.0 

0.0 

0,0 

11 

Hospital & Institutional 

0.0 

0.0 

0.0 

0.0 

12 

Misc. Nonresidential Buildings 

25.0 

50.0 

50.0 

50.0 

13 

Farm Buildings 

0.0 

0.0 

0.0 

0.0 

14 

Mining Exploration Shafts & 

Wells 

0.0 

0.0 

0.0 

0.0 


Railroads 

0.0 

0.0 

0.0 

0.0 

la 

Telephone & Telegraph 

0.0 

0.0 

0.0 

0.0 

17 

Electric Light & Power 

0.0 

0.0 

0.0 

0.0 

18 

Gas & Petroleum Pipes 

0.0 

0.0 

0.0 

0.0 

19 

Other Structures 

0.0 

0,0 

0.0 

0.0 

20 


0.0 

0.0 



21 

Military Facilities 

0.0 

0.0 



22 

Conservation 

0.0 

0.0 


0.0 

23 

Sewer Systems 

0.0 

0,0 

0.0 

0.0 

24 

Water Supply Facilities 

0.0 

0.0 


0.0 



7.5 


10.0 

10.0 


’* Decrements do not apply to government construction, which is considered essential. 


Appendix 2-5 1 
















188 


Appendix 2f. Country Reliability Protocol 

On behalf of the Defense Logistics Agency Strategic Materials, IDA provided members 
of the Intelligence Community (1C) with a list of questions (see Table A2f. 1 on the 
following page) to perform their country reliability assessment for the 2015 NDS 
Program requirements analysis. The analysts were asked to provide scores for more than 
175 countries of interest, which were divided into nine geographical regions.’’ The 
scores elicited from this assessment are used to estimate available supplies of materials 
from foreign sources. 

The analysts within the functional offices who performed these assessments are 
responsible for tracking materials within countries that support Combatant Command 
(CCMD) war plans. Other 1C members who performed these assessments are assigned to 
various regional offices, and are responsible for analyzing, among other things, political, 
military, and economic intelligence for specific areas of the world. 

Those assigned to the functional offices were responsible for providing their assessment 
for Questions #1 and #3 (i.e., ability to supply strategic and critical materials to world 
markets during the Base Case conflict scenario, and ability/willingness to supply strategic 
and critical materials in the ongoing, near-term environment absent any conflict, 
respectively). The individuals working in the regional offices were responsible for 
providing their assessment for Question #2 (i.e., willingness to sell strategic and critical 
materials to the U.S. during the Base Case conflict scenario). 


In order of appearance on the evaluation matrix, those nine regions arc Europe, Eurasia, Africa, Middle 
East, Central Asia, South .Asia, Southeast Asia, East Asia, and the Western Hemisphere. 
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Table A2f.l. 2015 Country Reliability Protocol and Questions Used in the 2015 
National Defense Stockpile Requirements Report 

General Notes: 

The 2015 NDS Requirements Study Base Case i nvolvesffteconatJeralioo of twaposaWe aid independer* futures, denoted here as Future 1 and Future 2. Descriptions of 
these futures are provided under separate co\«r. 

TvK! different sets of scores to Questions 1 and 2, below, are needed, cne set fw each futirs. Please prowde yoir scores to OtesSons 1 and 2 for the indicated fuhjre on the 
corresponding vvorksheel Qjeslion 3 applies to genera! reltatal^ in a near-taro eiMfownait wri is independent of eitfter fuajre. Please provide Bie scores to QuesSon 3 on 
file "Evaluation Matnn - Near Term" worksheet 


Questhro 1: Miility to supply strategic and critical materials (S&CMs)‘ and other goods and services to world markets during the Indicated future conflict scenario. 

Please assess — in the context of the indicated future confScl scwiario— how coiatty X wB be to supp^ S&CMs and other goods and ser^ces to wwid markets. 

To esfimate country X’s ability !o aipply to wortd mailtets, conatter ttroe disSnct envirorsuertsi (a) general turmoil or inherent instability that may arise in file country 
regardless of the conflict scenario (e.g., power shortages, transpaiaion breakdwns, labor strife. c«lunre^. (b) general turmoil (hat may be eiscerbated by the conflict 
scenano; and (c) direct constraints imposed by the adversanes <xi the courttry's {Bsily to sup^ily to wortd markets (e.g., reliance on labor force or machine-replacement parts 
from adversaries, reliance on adversanes for access to wwid msrkas, rrtnes »e rre^ty-cootrifled by adversa'ies). Mote : Ignore direct wartime damage (eg, bombing 
damagej in your estimates. 

Please use a scale of (J-100 percent and provide bothakwandaN^scOTefi.e,. wtH«-ca^ aid best-case sitoafion). To further clarify the scoring, a score of 0 means fiiat 
country X is completely unable to supply to wortd markets (i e.. nor® trf its prcxtociion «toability wil be avaitatfie to world markets). A score of 50 means final 50% of country 
X's production capability will be a^ilable to work! markets Rnaly. a score 100 meats fiiat coumry X is Wiy able to supply to world markets (i e . neither Bie genera! 
turmoil examples provided above nor the constfaints imposed by file cwftrt scanaio wB itrpact the country's production capability). Mote The interpretation of the scoring 
provided above only pertains fo the counfry's ability to si?:yVy. 

Note that Year 1 is file conflict year and Years 2-4 are the Wee reger«rafiwi yeas. A country's abiB^ to supply to world markets may be more affected during fiie conflict 
(Year 1 ) fiian during fiie regeneration period (Years 2-4) 


Question 2; Willingness to sell S&CMs and other goods and services to the United States coring the Indicated future conflict scenario. 

Please also assess — in the context of the indicated future corbel scei»io— the extent of vwlinffiess erf counfiy X to sen SSCUs and other goods and serwees to the United 
States. 

Please use a scale of O-ICO percent with 100 percent mealing fiJIy willing to se» to the Urfited Slates and 0 percent meaning totally unwlling tos^l to tfie United States. 
Note : Far this question, please do not provide a range of values as was done for Question 1. 

This question asks specifically about anti-US. senfiment and orientation 

Note that Year 1 is the conflict year and Years 2-4 are the fivee regenerafion years A counvy's willingness to sell to the United States may be different during the conflict 
(Year 1) than during the regeneration period (Years 2-4). 


Question 3: General r^abiUty (abilityfwrfiingness) to supply S&CMs and other goods and services to the United States in a near-term, ongoing environment. 

Please assess— relative to country X's present supoV reliability to the united Stales { ■the baseline")— the gwierai reliability (abili^ /willingness) of country X to supply S&CMs 
and other goods and services to the United Slates over toe next 2-3 years, given condifions you beteve will most bksly prevail (as opposed to the two possible future c^ict 
scenanos) Conader factors such as those mentioned in Questions 1 and 2, and ^ economic and market fackx-s 

Please use a scale of 0-100 percent, wiih 1D0 percent memng (uBy abieandwiiKng toseli tothe Uiited States (retatneto the baseline) and 0 percent meaning totally unable 
or unwiHing to sell to toe United Slates (relative to toe baseline). For Oiesllon 3. one value enconpasses both ability and willingness. Nofe . For this question, please do not 
provide a low and a hi^ score as was done for Question 1 

Your Explanations Are Welcome 

You ere invited (but certainly not required) to provide explanatory notes regarding any factors that influenced your determination of country ability or willingness, insert 
comments in the celts of toe response spreadsheet or the Notes worksheet 

* S&CMs are "materials that would be needed to supply toe mliiary. industnal. and essential civilian needs of the United States dtiring a nationai emergency, and are not found or 
producea in toe United Slates in sufficient quantities to meet such need’’ ;see SO u S C 98 et seq ) 
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Appendix 2g. Base Case Scenario Specifics (Classified) 

This Section is Classified. 


Appendix 2-54 



191 


Appendix 2h. Business Sensitive Findings (Proprietary and Classified) 

This Section is Proprietary and Classified. 
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Appendix 3 
Market Responses 


Appendix 3-1 



193 


Appendix 3 
Market Responses 

Under emergency circumstances, U.S. producers are likely to reduce demands and procure 
additional material supplies of strategic and critical materials. “Market responses” are defined 
here as private sector initiatives that are likely to reduce gross shortfalls without government 
action. 

DoD evaluated a range of potential market responses to offset or reduce the estimated Base Case 
gross shortfalls. DoD selected a conservative approach that involved three elements: 
conservation/thriftiness, substitution, and an “extra sell” to the U.S. by selected foreign 
producers. This set of market responses is referred to as DoD’s “selected market responses” and 
they are used to make stockpile recommendations. This section describes the processes 
implemented for estimating the magnitude of these responses. 

Appendix 3a. Thriftlness 

Thriftiness is a proxy for conservation. The estimates of the shortfall reductions that result from 
thrift should be used as an indication of possible conservation effects. Within the Risk 
Assessment and Mitigation Framework for Strategic Materials (RAMF-SM) Sub-step 2D 
construct, thriftiness is modeled by modifying the material consumption ratios (MCRs) (detailed 
in Appendix 2), which are used to compute material demand from industrial demand 

Thriftiness computations rely upon the same data set used for the computation of MCRs. A 
revised set of “thrift” MCRs were developed, by using the minimum material consumption value 
over the three years of the reference period, instead of using the average value. This is 
apportioned among the industry sectors in the same manner as for the regular MCRs. The 
average economic output data over the reference period are used. The resultant ratios (material 
used by sector divided by economic output of that sector) form a set of MCRs that are lower than 
the regular MCRs. These lower MCRs are then applied to the industry demands to determine a 
lower set of material demands. The lower MCRs are a way of quantifying a material 
conservation approach. This type of conservation is postulated to occur during the scenario 
period as a market response, reflecting a determined effort by material users to consume less. 

Appendix 3b. Substitution Protocol and Results 

Another possible market response for mitigating shortfalls of materials during a national 
emergency is the use of sub.stitutes to meet demands for applications. This section evaluates the 
extent to which the market response of substitution can be used to offset the gross shortfalls in 
the 2015 National Defense Stockpile (NDS Program) Base Case. The general approach is to 
identify the most promising substitute materials for each of the strategic and critical materials’ 
major application areas and then evaluate the utility and availability of the substitutes for each 
application area. 
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It is assumed that in the face of material shortages caused by the occurrence of the Base Case 
scenario, industry would turn to substitutes to enable it to continue to produce goods and serrdces 
for its customers. The substitution results — the fraction of material demand for each material 
that could be satisfied by substitutes — are used in the net shortfall calculation process that yields 
the shortfalls that must ultimately be mitigated by government action. 

Approach 

The first step in the approach for considering the potential market response of substitution is to 
identify, for each of the shortfall materials, the most promising substitute materials, by 
application area. The second step is to estimate and justify how much of the Base Case 
shortfalls, material by material and application area by application area, can be mitigated through 
substitutions that do not have any significant adverse performance effects or create other 
shortfalls. This step involves not only assessing the utility of possible substitutes but also their 
availability while considering everything that might have to be done to bring them into use. 
Considerations for employing substitute materials include the development of enabling 
capabilities like product design change, design certifications, production facilities, specialized 
labor, and material supplier networks. 

Substitution Assessment Protocol 

To identify and evaluate candidate substitutes for each of the Base Case shortfall materials, the 
Defense Logistics Agency Strategic Materials employs a protocol of questions that are provided 
to subject matter experts. This protocol was developed and updated over the past several years. 

It was first used to assess the substitutability of shortfall materials for the FY2013 NDS Program 
Requirements Report and its development is discussed in more detail in that document.^'* 

The protocol, summarized below, was provided to individual subject matter experts at the U.S. 
Geological Survey (USGS), the Institute for Defense Analyses (IDA), and others in government, 
industry', and academia, who answered its questions for each shortfall material. Their answers 
were collated and supplemented as necessary with further data gathered from additional subject 
matter experts and the materials literature. The information was then synthesized to produce 
estimates of the extent to which substitution could mitigate the shortfalls for each of the shortfall 
materials in the Base Case Scenario. 

The protocol’s approach to the substitution assessment is to examine each strategic material 
individually. For each material, the expert is asked to consider each of its major areas of 
application and assess whether there are other materials that could, at least to some degree, 
substitute for the material in question in each area. It is the nature of the uses of materials (in 
most cases here, chemical elements) that one material can be a substitute for another material for 

Office of the Under Secretary of Defense for Acquisition, Technology and Logistics, Strategic and Critical 
Materials 2013 Report on Stockpile Requirements (jAnuaxy 2013), Appendix 9. 
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some applications but not for others. The experts are also asked to consider whether functional 
substitutes could be utilized by the market to meet demands for shortfall materials in their 
various areas of application. A functional substitute is a product that performs the same function 
as products using the shortfall material but via a different approach. For example, an LED lamp 
is a functional substitute for a compact fluorescent bulb. The general approach of the protocol is 
to identify the most promising substitute materials or functional substitutes for each of the 
strategic and critical materials’ major application areas and then evaluate the utility and 
availability of the substitutes for each application area. 

It is recognized that substitutes may not be perfect. Even within a single application area, they 
may be suitable for only some of the uses of the strategic material in question. They may require 
the acquisition of additional capital or labor before being usable on a significant scale. They 
may also impose costs on product manufacturers or users such as production costs, operating 
costs, worker health and safety obligations, or environmental impacts. Nevertheless, the intent 
was to identify even partial or imperfect potential substitutes so that the Department of Defense 
(DoD) could determine the extent to which industry might use substitutes to mitigate the effect 
of strategic material shortfalls. 

Finally, based on the significant body of research on substitution that the NDS Program has 
supported to date, substitutes tend to be available more so for civilian applications than for 
military applications. That is because military systems tend to be complex and military 
applications tend to be more demanding in terms of performance. ’’ For some systems, no 
alternative to the material used in the design is suitable. For many other systems, the design 
certification process is so onerous and time consuming that the substitute material, even if 
theoretically acceptable in terms of performance, could not be brought into use in time to 
mitigate a shortfall during the scenario in question.” Therefore, the substitution assessments 
conducted for this report focus on materials with civilian sector shortfalls (i.e., shortfalls that 
would leave the United States with insufficient material to meet civilian sector demands). The 
sections below discuss each of the questions asked of the experts by the substitution assessment 
protocol, 

1. Identification of Potential Substitutes 

The first step in the protocol was to identify candidate substitutes for each major application area 
of each of the Base Case shortfall materials. For each strategic material for which potential 
substitutes are to be identified, the experts were provided its major application areas in the 


System complexity can constrain the design option space available for the use of alternative materials with 
different physical characteristics. 

There are exceptions to this some defense-related products are similar to their civilian counterparts and 
hence would be amenable to having demand for them met through the use of substitutes. But the demands 
represented by those applications are generally very small compared to the civilian sector demands for a material, so 
they were not evaluated for this report. 


Appendix 3-5 



196 


United States. The application areas were mostly taken from the database used to assess material 
demands by industrial sector forNDS Program analyses.^^ The experts were asked to identify 
each potential substitute material or functional substitute that could replace the shortfall material 
In each of its application areas. It was made clear that one material may be a suitable substitute for 
another material in one application area but not another. For those cases, the experts were asked 
to indicate the specific application areas of the strategic material in question for which a potential 
substitute material could be suitable. 

2. Assessment of the Extent to Which Each Substitute Can Be Used 

The next step in the protocol was the determination of the extent to which each substitute 
candidate could be used for the shortfall material in question in each of its major application 
areas. The experts were asked what fraction of the strategic material used in each application 
area could be replaced by the substitute. The intent of this question was to capture the fact that 
while some material might be a suitable substitute for a strategic material used in an area of 
application, it might only be suitable for some fraction of the uses or products within that area. 
This could be because of unique properties or particularly high performance required for certain 
specific applications within any given area of application. 

The protocol for this cycle also emphasized that the question was asking for the market response 
to the shortfall, rather than a government response. This was to capture what industry would do 
in response to a shortfall before the government intervened to mitigate or help mitigate it. 

For this report, the experts were also asked to provide upper and lower (conservative) values for 
each of these estimates. The NDS Program did this out of recognition that there is uncertainty in 
estimating market-based responses to substitute material demands. It also helped identify 
conservative estimates of material substitutability. 

3. The Nature of the Substitution to Be Made 

The next question in the protocol concerned the nature of the substitute and its application. For 
each strategic material, each of its major application areas, and each candidate substitute 
material, the experts were asked to explain whether the substitute would replace the strategic 
material on a one-for-one basis or it would replace the strategic material in similar but not 
identical products (or would the substitute be a different product or technology altogether). 

Some substitutes, like alloying agents, can be used in identical products on a one-for-one or 
nearly one-for-one basis. Others require the product design to be modified somewhat so that the 
new product is similar but not identical to the one using the strategic material that is being 
replaced. Still others are used in products that perform the same function as products using the 

The major application areas in the United States for each material and the fractions of the total U.S. 
demand of each material used in them arc provided by the USGS, the Department of Commerce, and other subject 
matter e.xperts as part of the NDS Program analytical process. 
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shortfall material but via a different approach. This question was intended to gain a better 
understanding of the nature of the substitution that would be made. 

4. The Amount of the Substitute Material Required and Other Impacts on Materials 
Usage 

This question addressed the quantity of substitute material required to replace the shortfall 
material. For each strategic material application, the experts were asked how much of the 
substitute material would have to be used to replace each unit mass (e.g., tr.oz., kg, ton) of the 
strategic material in that application. For each of those instances, they were asked whether the 
change from the strategic material to the substitute also requires changes to the use of other 
materials in the production process for the products containing the substitute. 

in considering the substitution of other materials for strategic materials that might experience 
shortfalls under certain conditions, we needed to ascertain how much of the substitute materials 
would be required so that we could assess whether any of the substitutes might also experience 
shortfalls. Substitution possibilities that would themselves create or exacerbate material 
shortfalls were excluded from consideration in this assessment. We also assessed whether 
changing to substitutes could change the consumption pattern for other materials used in the 
production of the products containing the substitute (like solvents or materials that would come 
into contact with the substitute) sufficiently to significantly affect the consumption of strategic 
and critical materials in the United States. 

5. Key Enablers Needed to Facilitate Substitution 

The next question in the protocol concerned supply and production-related capabilities needed to 
enable the use of the substitutes. The relevant experts were asked what would be required to 
enable each substitute to be used for each potential application being considered. 

In some cases, one material may be substituted for another (or one product for another) 
immediately, without anything new required in the supply chain that would produce the 
products. In other cases, however, certain key enablers are needed before the substitution can 
take place. For example, there may be a need for new product designs or, in the case of 
regulated industries (like defense), government design certifications. Certain customers may 
have requirements that specify the use of particular materials in products. There may be a need 
for new or modified production facilities or an expansion of capacity at existing facilities. There 
may be a need for more labor or possibly retrained labor to operate the supply chain. There may 
be a need for new networks of material suppliers to provide material feed stocks, including the 
substitute material. There may be legal limits that restrict the use of certain substitutes. 

This question aimed to capture what was necessary, beyond a supply of substitute materials or 
products, to enable the substitutes to be used. The responses to this question help the NDS 
Program understand why it might be more or less difficult to use substitutes for the application in 
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question and how long it w-ould take to bring the substitute into use. If significant enabling 
capabilities are needed to bring a substitute into use, it w'iil probably take longer to do so. 
Reponscs to this question also serve as part of the basis for the estimated substitutability 
fractions and the delay estimates. 

6. Time Frame in Which Each Substitute Can Be Used 

The next question w'as how quickly the substitute could be brought into use to a significant 
extent. The experts were asked how soon, in the event of a crisis or supply disruption, the 
substitute could be brought into use. They were asked specifically whether each substitute could 
be used immediately, in the short term (i.e., one to six months), in the medium term (i.e., six 
months to two years), or in the long term (i.e., longer than two years). 

The intent of this question w'as to determine how soon, in the event of a sudden and possibly 
unexpected crisis and in light of everything that would need to be done to facilitate it, substitutes 
could replace the shortfall material in each of its application areas. A longer time horizon can 
allow greater use of substitutes as new products are designed specifically to avoid materials in 
short supply. But the shorter time horizon available to respond to a crisis can pose a barrier 
because of the lack of product designs, production facilities, and other necessary enabling 
capabilities. 

In the Base Case Scenario, almost all of the shortfalls occur only in the first year of the scenario. 
Thus, as shown later when discussing results, the only substitutes that would be useful in the 
Base Case (with one exception) are those that would be available in the short term. But even for 
those substitutes, materials or products that are available in the market now would be able to 
substitute for shortfall materials to a greater extent than those that require even a few months to 
be brought into use to a significant extent. 

7. Additional Costs or Consequences Incurred in Using the Substitutes 

Similar to the question about enabling capabilities, this question asked about additional costs or 
consequences involved in the use of substitutes for shortfall materials. The experts were asked 
what additional costs or burdens might be incurred if the substitutes were used? 

Materials tend to be used where the market determines that their application is optimal (relative 
to other material choices) with respect to performance (considered broadly) and cost. Thus, 
substituting one material for another, or one product for another, in a given application typically 
imposes one or more burdens in the life cycle of the product, even if only to shift the balance 
betw'een cost and performance. Such potential burdens can include: production costs, product 
operating and maintenance costs, product lifespan limitations, waste disposal or recycling costs, 
environmental impacts, energy usage, health and safety obligations, risks arising from foreign 
supply chains, and the cost or burden of switching back to the original material after the supply 
disruption is over. This question asked for the identification of each such burden that would be 
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imposed if a substitute replaced the strategic material in question in each of its areas of 
application. Responses to this question also help the NDS Program understand why it might be 
more or less difficult to use substitutes for the application in question. If there are many or 
significant costs associated with using a substitute, it suggests that the substitute may not be used 
or may not be used very extensively in practice. 

8. Final Evaluation of Overall Substitutability 

The last question in the protocol asked about the overall attractiveness of using each of the 
candidate substitute materials in each of the shortfall material application areas being considered. 
The experts were asked, given all that they understand regarding the costs and benefits of 
potentially replacing strategic materials with a substitute in a given application, how attractive 
would the substitution be on a linear 1-10 scale (with a 1 being a highly unattractive, just barely 
usable substitute, and a 1 0 being a nearly perfect, minimal-burden substitute). 

The intent of the overall rating was to allow the NDS Program, other analysts and modelers, and 
potentially policy-makers and their staffs, to quickly get a sense of the extent to which material 
substitution could mitigate the risk of a shortfall of one or more strategic materials in their 
various applications. It was understood, however, that final decisions by the government on 
whether to rely on substitution to mitigate risk as a matter of policy would likely turn on 
consideration of all of the available information concerning the costs and benefits and potential 
further risks related to doing so. Decisions by the private sector to turn to substitutes in the face 
of a shortage would also be made firm by firm based on the firms' individual circumstances in 
the market and their beliefs as to the costs and benefits of doing so. 

Sources of Data 

As noted above, to collect the data needed to perform the substitution assessment, the protocol of 
research questions just di.scussed was developed and provided to individual experts at the USGS, 
IDA, and others in government, industry, and academia. Their answers were collated and then 
supplemented with further data gathered from additional experts and the materials literature. 
Those data were synthesized to estimate the extent to which substitution could mitigate Base 
Case Scenario material shortfalls. 

Subject matter experts from the following organizations were consulted in collecting data for the 
substitution assessments: 
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Table A3b.l. Organizations Consulted in Conducting Substitution Assessment 


USGS 

Defense Logistics Agency Strategic Materials 

IDA 

Department of Defense (Air Force Materiel Command/Air Force Research Lab) 

Department of Defense (Army Research Lab) 

Department of Energy (Headquarters) 

Department of Energy (Ames Laboratory) 

Department of Commerce 

Central Intelligence Agency 

Office of Science and Technology Policy 

National Academy of Sciences (Committee on Critical Mineral Impacts on the U.S. Economy, 
Committee on Earth Resources, Board on Earth Sciences and Resources) 

Massachusetts Institute of Technology 

Colorado School of Mines 

OE Global Research 

Molycorp, Inc. 

Arnold Magnetic Technologies Corp. 

Electron Energy Corp. 

Rare Barth Industry and Technology Association 

The Boeing Company 

Pratt & Whitney 

The Rhodia Group 

The Minerals, Metals & Materials Society 

Umicore Optical Materials 


Evidence/Data Regarding the Utility of Substitutes for Mitigating Shortfalls 

For each shortfall material and each of their major application areas, the responses to the 
research protocol were collated to identify the substitute materials, the fraction of U.S. demand 
for the shortfall material for that application that the substitutes could (collectively) meet, the 
additional enabling capabilities (if any) that would be required to use the substitutes, and the 
other costs and consequences (if any) of using the substitutes. Where the information provided 
by the experts in their initial responses was not sufficient to answer those questions, it was 
supplemented w'ith further information collected from the responding experts, additional experts, 
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or the literature. The table below provides collated data for each of the Base Case shortfall 
materials and their application areas. Where the experts provided us with ranges of 
substitutability assessments, we used the lower values. Application areas with substitutes that 
are useable in the first year of the scenario are highlighted in dark gray. Areas with substitutes 
usable only after the first year are in light gray. Those substitutes in light gray are not usable to 
mitigate shortfalls in the Base Case Scenario. Application areas with no substitutes identified are 
in white. The total fraction substitutable is the fraction substitutable for the material overall, 
during the first year of the scenario. It is calculated as the sum of the products of the fraction of 
demand attributed to each application area and the substitutability fraction for each area. It is 
indicated in the table in the first row for each material, in dark gray, unless all of the materiaf s 
substitutes are usable only in the second and later years of the scenario, in which case the total 
fraction substitutable is indicated in light gray. The table also summarizes the enabling 
capabilities required to bring the substitutes into use and the costs and/or consequences of using 
the substitutes (where nothing is indicated, the costs/consequences are not notew'orthy). As 
noted above, substitution possibilities that themselves showed or would create shortfalls are not 
considered as mitigation options in this analysis. 
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Table A3b.2. Evidence/Data Regarding the Utility of Substitutes for Mitigating Shortfalls 


Material 

Application 

Substitutes 

Fraction 

ofU.S. 

Demand 

(iterceni) 

Application 

Fraction 

Substituted 

(oercent) 

Total 

Fraction 

Substituted 

(percent) 

Enabling 

Capabilities 

Required 

Costs/ 

Consequences 

Aluminum 
Oxide. Fused 
Crude 

Abrasive products 

Siiia. aarnei. 
chromium (III) 
oxide, Emery, 
aluminum- 
zirconium oxide, 
metallic 
abrasives, flint, 
quartz 

90 

58 

52 

None 

Significantly higher 
material co.sts. more 
frequent changes of 
abrasive product 


Clay building 
material, refractorj' 
manufacture 


7 

0 




Antimony 

Plasticsand resins 
(flame retardants) 

cadmium zinc 
alloy for plastic; 
aluminum 
trihydrate and 
magnesium 
hydroxide for 
retardant; Boron 

32 

18 

26 

many substitute 
alternatives 
already in wide 
use, minor 
process redesign 
for some 

Higher materia! 
costs, slightly 
diminished 
performance 


Synthetic rubber 

Selenium. 

tellurium 

19 

65 


Minor proces.s 
rcdesisin 

Higher costs 


Storage batteries 

Calcium. 

selenium 

19 

44 


Calcium 
replacing 
antimonv now 
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A3b.2. Kvidence/Data Regarding the Utility of Substitutes for Mitigating Shortfalls (continued) 


Material 

Application 

Subsiitiites 

Fraction 

oft-S. 

Demand 

(oercent) 

Application 

Fraction 

Substituted 

(percent) 

Total 

Fraction 

Substituted 

(percent) 

Enabling 

Capabilities 

Required 

C'osfs/ Consequences 

eSM 

Aulomolive uses 
(hose/tuhing/bclts) 

Other ssnihetic 
rubbers 

22 

90 

93 

Material 

supplier 

netvsork 

None 


Industrial products 
{hose^bells/scais/ta 
nk iininus) 

Other synthetic 
rubbers 

22 

90 


Material 

supplier 

netuork 

None 


Construction 
applications 
(roofing and 
geomembranes) 

Other synthetic 
rubbers, 
thermoplastic 
polvolctin ( riK)) 

29 

100 


Maieriai 

supplier 

network 

None 


Wire and tabic 
(sliealhing) 

Chlorinated 
Polycthviene 
(CPil). indyvinyl 
chloride (p'vC), 
pohetinlene 

16 

90 


Materia! 

supplier 

network 

None 


Other (molded 
goods, coatings, 
etc,) 

Chlorinated 
fAdvelhylene 
(CPE), polyvinyl 
chloride (PVC), 
polvcihvlene 

n 



Material 

supplier 

network 

None 

E^vsorosium 

Phosphors 


17 

0 



HHHHHHHHIl 


Pennanent 

maanets 

Hiectromagncis 

80 

10 
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A3b.2. Evidetice/Data Regarding the Utility of Substitutes for Mitigating Shortfalls (continued) 


Material 

Application 

Substitutes 

Fraction 

ofU.S. 

Demand 

(percent) 

Application 

Fraction 

Substituted 

(percent) 

Total 

Fraction 

Substituted 

(percent) 

Enabling 

Capabilities 

Required 

Costs/ Consequences 

Europium 

Phosphors, l.ighting 

LE[>s; accept 
lower quality 
lighting with 
less REs added 

85 

15 

13 

None 

l.ovver quality lighting 

Eiuorspar. 

Acici Grade 

Hydrofluoric acid 
production 


95 

0 

5 




Primary aluminum 
production 

Imported 

aluminum 

fluoride, 
cryolite, and 
crushed tapped 
bath 

5 

too 


None 

Potential health, safety, 
or environmental costs, 
reliance on imports 
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A3b.2. Evidence/Data Regarding the Utility’ of Substitutes for Mitigating Shortfalls (continued) 


Material 

Application 

Substitutes 

Fraction 
of ITS. 
Demand 
(percent) 

.Application 

Fraction 

Substituted 

(percent) 

Total 

Fraction 

Sub.stituted 

(percent) 

Enabling 

Capabilities 

Required 

Costs/ Consequences 

(iermanmm 

Semiconductors, 
electron tubes, solar 
ceils 

Silicon, Gallium 
arsenide 

43 

10 

9 

None for 

substituting 

lower 

perfonnitig .solar 
cells (already m 
U.SC) 

Lower conversion rates 
for solar cells, increase 
in operating costs 


Infra-red optics 

C.'halcogenide 
glasses, zinc 
selenidc 

21 

30 


F’roduct designs. 

production 

facilities, 

material 

supplier 

networks. 

specialized 

know ledee 

Zinc selenide health 
hazard 


Communication/' 
energy wires/cables 
(fiber optics) 

Titanium 
dioxide, plastic 
optical fiber 
(lluorinatcd). 
i^are earth 
doped 

phosphate slaas 

IV 

17 


Redesign 

Low-er capability, 
higher production and 
energy costs 


Pbamiaccuiicab 

medicine 


5 

0 





Primary nonterrous 
metal snieltina 


5 

0 





Watches, clocks, 
measuring and 
control devices 

Other 
phosphors, 
manv ivpes 

3 

50 


None 

Lo\vcr performance 


Appendix 3-15 





206 


A3b.2.Evidence/Data Regarding the Utiiity of Substitutes for Mitigating Shortfalls (continued) 


Materia! 

Application 

Substitutes 

Fraction 

Demand 

(percent) 

Appiieatton 

Fraction 

Substituted 

(percent) 

Total 

Fraction 

Substituted 

(percent) 

Enabling 

Capabiiitie.s 

Required 

Costs/ Consequences 

Graphite 

Refractories 

Synthetic 

graphite® 

W*' 

20 

13 

None 

Increased costs 


Drilling mud 


W 

0 





Brake linings 

Organic 

composites 

w 

50 


Possible 

capacity 

increases 

increased costs 


‘Synthetic graphite is produced by heating carborundum. jKtroleum cote mixed with coal tar pitch, or powdered petroleum coke to high 
temperatures in appropriate processes, 

'’W = withheld as proprieiaty' 
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A3b.2. Evidence/Data Regarding the Utility of Substitutes for Mitigating Shortfalls (continued) 


Material 

Application 

Substitutes 

Fraction 

ofl.S. 

Demand 

(rwreent) 

Application 

Fraction 

Substituted 

(percent) 

Total 

Fraction 

Substituted 

(percent) 

Enabling 

Capabilities 

Required 

Co.sts/ Con.sequences 

l.anthiuuim 

Storage batteries 

Cerium, other 
batteries 
(NiCd. Li-ion. 
alkaline 

30 

75 

52 

None 

Higher costs 


Motor vehicle parts 

(catalytic. 

conveners) 

Cerium 

22 

56 


Reformulated 
design of some 
catalytic 
converter wash 
coats 



Iron and steel alloys 

Cerium. 

MgFeSi alloys 

20 

56 


New 

methodologies 
for additions. 

Higher costs, possible 
product quality impacts 


Petroleum rctlncnes 

Rtli-free ICC 
catalysts 

11 

56 


Increased 

production 

capacity 

Higher costs, lower 
eniciency 

Magnesium 

Reducing agent for 
production of 
titanium and other 
metals 

Sodium. 

aluminum 

34 

4 

40 

None 

None 


Aluminum alloys 
(packaging, 
transpodation. etc.) 

Other 
aluminum 
alloy.s, plastics, 
steel 




Equipment 

adjustments: 

increased 

capaciiv 

Higher costs, product 
defect rates, increased 
product weight 


Casting and wrought 
products 

Aluminum, 
other aluminum 
alloys, zinc, 
steel, elastics 

18 

75 

■ 

Some equipment 
modifkation. 
product redesign, 
new capacity 

Increased product 
weight 



Calcium 

carbide 

11 

50 



Process safety is.siies 
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A3b.2. Evidence/Data Regarding the Utility of Substitutes for Mitigating Shortfalls (continued) 


Materia] 

Application 

Substitutes 

Fraction 
of IJii. 
Demand 
(percent) 

Application 

Fraction 

Substituted 

(percent) 

Total 

Fraction 

Substituted 

(percent) 

Enabling 

Capabilities 

Required 

Costs/ Consequences 

Manganese 

Meiai, 

Electrolytic 

Metai cans/ 
containers 

Aluminum 
alloys, steel; or 
plastic/giass 
containers 

53 

19 

12 

None 

Some small risk from 
using lower strength 
materials 


Other general 
purpose machinery 

Aluminum 
alloys. Steel, 
Silicon; delay 
replacing and 
upgrading 
machinerv 

13 

8 


Some minor 
redesign 

Higher costs, lower 
productivity 


Rroadcast/ wireicss 
comm equipment 


7 

0 


None 



Motor vehicle parts 

Aluminum 

5 

15 


None 

Minor lower 
performance 

Rubber. 

Natural 

7'ire.s & Inner Tubes 

Synthetic 

rubbers 

53 

100 

100 

Some product 
redesign 

Some loss of 
performance 




33 

100 


None 




Synthetic 

rubbers 

8 

100 


None 



Hose and Belting 

Synthetic 

rubbers 

6 

100 


None 
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A3b.2. Evidence/Data Regarding the Utility of Substitutes for Mitigating Shortfalls (continued) 


Material 

Application 

Substitutes 

Fraction 

ofU,S. 

Demand 

(percent) 

Application 

Fraction 

Substituted 

(percent) 

Total 

Fraction 

Substituted 

(percent) 

Enabling 

Capabilities 

Required 

Costs/ Consequences 

Silicon 

Carbide 

Ahiasive products 

-Silica. 

diamond. 

garnet, 

chroiniumdl!) 
oxide, alumina- 
zirconia. flint, 
quanz 

26 

jj 

20 

None 

Abrasive may not last 
as long, more frequent 
replacement, more 
expensive 


Motor vehicle pans 

Cerantics. steel, 
other incials 

20 

40 


None 

1 ligher operating cost.s. 
shorter product life 
span 


Clav bldg, materials 
and refractor)' 

Silica nitride, 
boron carbide, 
titanium 

ceramics 

9 

15 





I'arm and industrial 
machinerv' 


7 

0 





Hand tools 

silica, 

industrial 

diamonds. 

ganiet, 

chromium(lll) 
oxide, alumina- 
zirconia. flint, 
quartz; delay 
replacing and 
upgrading 
niachinerv 

1 

30 


None 

Higher inateriat and 
labor costs 
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A3b.2. Evidence/Data Regarding the Utiiit)' of Substitutes for Mitigating Shortfalls (continued) 


Material 

Application 

Substitutes 

Fraction 

oflLS. 

Demand 

(Dcrcenll 

Application 

Fraction 

Substituted 

(percent) 

Total 

Fraction 

Substituted 

(percent! 

Fnabling 

Capabilities 

Required 

Costs/ Consequence.s 

Tantalum 

Other electronic 
components 

Niobium, 

aluminum 

69 

13 

12 

Minor redesign 
may be needed 

Larger and heavier 
capacitors 


Surgical and medical 
instruments, appliances 

Niobium- 

titanium, 

zirconium; 

delay 

replacing and 
upgrading 
instnimenls 
and appliances 

13 

23 



Less corrosion/ 
contamination 
resistance, shorter 
product life, higher 

COS! 


Aircraft engines and engine 
parts 

Other 

materials can 
sub-stitute. but 
not assumed 
due to lower 
performance 

9 

0 





Other industrial machinerv' 

hafnium, 

tungsten. 

niobium. 

molybdenum; 

delay 

replacing/ 

upgrading 

machincrv 

4 

8 
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A3b.2. Evidence/Data Regarding the Utility of Substitutes for Mitigating ShortfaUs (continued) 


Material 

Application 

Substitutes 

Fraction 

ofU.S. 

Demand 

(percent) 

Application 

Fraction 

Substituted 

(percent) 

Total 

Fraction 

Substituted 

(percent) 

Enabling 

Capabilities 

Required 

C'o.sts/ Consequences 

Tin 

Metal caiis/containers 

Aiiuniiium and 
plastic 

20 

75 

23 

None 

May be some product 
loss from damaged 
containers 


All other electronic 
compojietus 

Lead primarily; 
indium, copper, 
.silver also 

20 

8 



Environmental damage 
Irom use of lead based 
solder. Lead based 
solder cheaper and as or 
more effective. Non- 
lead substitutes much 
more expensive, limited 
supplies 


Omatneniah' 
architectural meia! 

L ead, .steel 

9 

75 



Environmental and 
health considerations if 
lead used; otherwise 
lead replacements 
belter, Steel only 
disadvantage is higher 
cost 


Phannaceulical/ 

medicine 


7 

0 





Motor vehicle parts 


7 

0 
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A3b.2. Evidence/Data Regarding the Utility of Substitutes for Mitigating Shortfalls (continued) 


Material 

Application 

Substitutes 

Fraction 

ofU.S. 

Demand 

(percent) 

.Application 

Fraction 

Substituted 

(percent) 

Total 

Fraction 

Substituted 

(percent) 

Enabling 

Capabilities 

Required 

Costs/ Consequences 

Tungsten 

Special 

tools/djes/jigs/ 
fixtures/metal cutting/ 
fomung/machine 
tools 

Cermets, 

ceramics. 

chromium. 

titanium 

60 

|g 

23 

Changes in 
heat treatment 
and process, 
but other 
methods 
already exist, 
some belter 

Le.ss wear resistance 
and hot hardness for 
steel, but cermets are 
replacing tungsten 
carbide in saws and 
other cutting tools due 
to superior wear and 
corrosion properties 


Steels (FcW), Alloys 

Molybdenum 
steel, nickel, 
other alloys 

19 

47 


Production 

(heat 

treatment) 

facilities 

Minor loss in product 
performance or higher 
cost 


Industrial molds, mill 
products, lamps, 
other specialty 
applications 

Lead, depleted 

uraniunt. 

molybdenum 

16 

20 


Relaxation of 

regulations 

against lead 

usage. 

handling of 

radioactive 

materia! 

Minor loss in product 
performance or higher 
cost, environmental and 
health considerations if 
lead or depleted 
uranium used 


Appendix 3-22 





213 


A3b.2. Evidence/Data Regarding the Utility of Substitutes for Mitigating Shortfalls (concluded) 


Materia! 

Application 

Substitutc.v 

Fraction 

oflhS. 

Demand 

(percent) 

Appifcation 

Fraction 

Substituted 

(percent) 

Total 

Fraction 

Substituted 

(percent) 

Enabling 

Capabilities 

Required 

Costs/ Consequences 

Ytirium 

Phosphors, lighting 

Incandescent 
iiehls and 

LEDs, 
altcniativc 
fluorescent 
lamp phosphors 

55 

25 

15 

Most of these 
uses have 
aitematives 
used before; 
LCDs are 
replacing now 

Some higher 
acquisition and 
operating costs, energy 
usage, relaxation of 
energy regulations on 
the use of older lighting 
technologies or less 
lit-ht 


Ceramics 


14 

0 





Auto catalysts 

Platinum, other 
cataiy.sis 

6 

25 


Minor 

Tede.sign 

Potentially increased air 
pollution ifregulations 
relaxed 

Yttrium Oxide 

Withheld 
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Results and Observations 

Figure A3b.l below shows the fraction of total U.S. civilian demand for shortfall material in the 
Base Case that could be met, collectively, by substitutes. The bars show the substitutability, for 
the materials evaluated, in the first year of a crisis or conflict. The figure shows a broad range of 
results. Some shortfall materials, like aluminum oxide, CSM, and natural rubber, are highly 
amenable to the use of substitutes. Much of their demand could be met with substitutes with 
little or no delay. Other materials, like antimony, silicon carbide, and tin, are partly amenable to 
the use of substitutes. Even limited substitution may be enough, however, to eliminate most or 
all of a projected shortfall because the shortfalls typically amount to modest fractions of annual 
demand for the materials studied. A few materials, like dysprosium and fluorspar, are only 
slightly substitutable. In those cases, shortfalls could remain even after substitution was utilized 
to the full extent possible. 

It should be noted that these results reflect the usable substitutes that have been identified by 
research to date. Upon continuing this research one might discover additional substitutes for the 
shortfall materials in their various applications. That would increase the fractions of total 
demand that could be met by substitutes that arc shown in the figure. 
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Figure A3b.l. Predicted Market Response of Substitution for Base Case Shortfall Material 
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Conclusion 

The market response of substitution has significant potential to mitigate material 
shortfalls during a conflict or supply disruption crisis. Often, alternatives are available to 
meet material demands but under ordinary circumstances they are not used because they 
are somewhat suboptimal from the market’s perspective on cost-effectiveness — ^they are 
more expensive than the material currently in use for the application in question, they do 
not perform quite as well as the material currently in use, or their usage imposes other 
avoidable costs like product operating costs or energy usage costs. Nevertheless, during 
a conflict or crisis, when materials may not be available as they are today, substitute 
materials or substitute products can be available to meet demands. Analysis of the 
shortfall materials for civilian applications for the 2015 NDS Program Base Case 
scenario shows that substitutes could mitigate shortfalls, at least in small part, for all of 
them. Because substitution for civilian materials applications is assessed to be part of the 
market’s response (rather than a government response) to potential material shortages, 
substitution requires no government expenditures (beyond those for the strategic 
materials planning process). Substitution is not available for all material applications, 
particularly defense applications that demand the highest material performance or the use 
of only qualified materials. But where it is available, substitution is a powerful material 
shortfall mitigation option compared to other options, like stockpiling, that may require 
government action and expenditure. 

Appendix 3c. Extra Sell 

This appendix concerns the supply side market response shortfall mitigation option that 
involves preferential U.S. access to previously unused foreign production capacity of key 
strategic and critical materials, thought of as an “extra sell" to the U.S.. 

Market Shares 

The United States is not in general the only country that demands a material. In a conflict 
scenario, allies have legitimate uses of the material, and unfriendly countries might be 
able to outbid the United States for some of it on world markets. Thus the United States 
cannot necessarily obtain all the foreign supply. In the context of the models, the term 
“market share” factor refers to the fraction of foreign supply the United States can obtain. 
The market shares for the different materials are inputs to the model; they vary by 
material but not country. The most commonly used approach for developing market 
shares is to take the ratio of the U.S. gross domestic product (GDP) to the total of the 
GDPs of all the countries, including the United States, that demand that material. (GDPs 
of countries involved in the conflict scenario can be decremented to account for war 
damage). GDP can be considered a measure of the ability of the United States to bid, 
relative to other countries. An alternative w'ay of computing the market share is to take 
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the ratio of (current) U.S. imports to non-U. S. production; a third way is to use the share 
of foreign production that would make the sum of available U.S. and foreign supply equal 
to demand in peacetime for the first scenario year. For the Base Case, the maximum of 
these three quantities is used. 

Note that the market share factor operates in addition to the other foreign supply 
decrement factors of war damage, infrastructure reliability, anti-U.S. sentiment, and 
shipping losses. In the Base Case data, most of the market shares are in the range of 20 
to 30 percent. 

Estimated Production vs. Unused Capacity 

It is often the case that a production facility is not being operated at full capacity. The 
amount actually produced is uncertain and often dependent on economic factors, while 
the amount of capacity, including production plus unused capacity, is more stable. The 
specialists at the U.S. Geological Survey provide estimates of future capacity for each 
producing country for a number of years into the future, including the course of the 
scenario period. In this context, capacity represents readily available extra production 
that can be brought online in a few months with little or no extra investment — perhaps 
simply by adding an extra shift. 

In an emergency scenario in which demand for the material increases and supply might 
become tight, prices might become very high (see below), This would stimulate friendly 
countries to start exploiting their previously unused capacity, and some of this extra 
production is assumed to be available to the U.S. The Base Case assumption is that the 
United States can access its market share percentage of the total available foreign 
capacity. The total available foreign capacity is defined as the full capacity in the .second, 
third, and fourth years of the scenario. In the first year, it is somewhat less, to allow for 
time to ramp-up to full capacity. This is a method of estimating the supply that the U.S. 
obtains under Base Case conditions, and does not imply that foreign producers actually 
will operate at the available capacity level. 

The Extra Sell or Expanded Market Share Concept 

But it is certainly reasonable that in a national emergency scenario, the U.S. might be 
able to obtain even more than its Base Case share of previously-unused foreign capacity. 
Funds might be available to pay foreign producers to utilize some or all of their excess 
capacity, with the proviso that the United States obtains preferential access to the output 
of the portion of capacity that previously was unutilized. This concept can be referred to 
by the phrases '‘extra sell” or ‘‘expanded market share”. 
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Preliminary analysis of a representative shortfall material such as tungsten provides 
historical evidence of extra sell-driven import spikes during past conflicts (World War 1, 
World War II, and Korean War). In reviewing the shortfall materials addressed by the 
extra sell market response posited for the 2015 National Defense Stockpile (NDS 
Program) Base Case, imports of these materials were consistently higher during these 
conflicts, often exhibiting sharp swings that corresponded with the beginning and 
cessation of hostilities. Furthermore, in the example of tungsten, positive linear 
correlations can be found between material prices, world production and U.S. imports.^'* 
An example of these events is depicted in the figures below (Figure A3c.l and Figure 
A3c.2). 


■ Wartime demand in WWI, WWII and Korea led to higher 
prices, foreign producers ramping up output, and spikes 
in US imports 


us Tungsten Imports (Metric Tons) 



us Geological Survey; ‘During World War I. the first widespread use of tungsten in armaments. . . stimulated 
production in the United States and launched the Chinese tungsten mining industry. Rearmament in the 1 930’s and 
interruptions to supplies from Burma and China during World War II led to the opening of new mines in Brazil and 
twosted production in Bolivia, Japan, and Spain, In the ISSO's. during and after the Korean War, the U.S. 
stockoilina oronram snurred the development of tungsten denosits. especially in Australia. Peru. Portugal, and 

Bie United States.' 


Figure A3c.l. Tungsten Import Spikes during Wartime 


institute for Defense Analyses (IDA), “US Market Responses to Wartime Material Demands, A 
Historical Assessment,” draft briefing for Defense Logistics Agency Strategic Materials, August 26, 2014. 
Data drawn from US Geological Survey (USGS) 2014 Online edition of Historical Statistics for Mineral 
and Material Commodities in the United States, downloaded August 18, 2014, 
http://minerals.usgs.gOv/minerals/pubs/historical-statistics/#data. 
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Correlation 
Coefficients 
(1 = perfect positive 
linear correlation) 

Imports - Price 
0.59 

Price - Production 
0.48 

Production ~ Imports 
0 75 


IDA, “US Market Responses to Wartime Material Demands, A Historical Assessment,” draft 
briefing for Defense Logistics Agency Strategic Materials, August 26, 2014.” 

Figure A3c.2. Tungsten Correlation Between Price, World Production, Imports 

Implementation in the Modeling Process 

Consider the projected available supply capacity for a given material from a given 
country in a given year. Partition this capacity into an amount corresponding to 
production and an amount corresponding to unused capacity. Of the former part, the 
United States is assumed to be able to get the “regular” market share, as described above. 
Of the unused capacity, the United States gets a share value that is a: percent of the way 
between the regular share and all of the unused capacity. This share value can be denoted 
the expanded market share. The portion of the unused capacity that the United States 
gets, above the regular market share, can be thought of as the “extra sell” material. 

The value x, which can be referred to as the expansion factor, is an input to the model that 
does not depend on material or country. It can vary from 0 to 100 percent. A value of 
zero for x corresponds to no expanded market share, the regular share being used across 
the board. In the Base Case, x was set to zero. The Stockpile Sizing Module (SSM) 
inputs can be set so that only certain selected material/country combinations are 
considered for the extra sell possibility (the expansion factor x applies only to those 
combinations). For the market response case, only eight specific countries are 
considered, as discussed in subsequent sections of this appendix; the expansion factor x 
was set to 50 percent. 
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Example of the Extra Sell Concept 

An example might make the procedure clearer. Figure A3c,3, below, provides an 
illustration of the extra sell concept. The computations are performed separately for each 
combination of material, country, and year. So imagine Figure A3c.3 as treating one such 
combination. Assume that the peacetime production would be estimated at 600 tons but 
that 400 tons of extra, previously-unused capacity is available that year. Let the regular 
market share be 25 percent. In an emergency, the full capacity of 1,000 tons is assumed 
to be potentially available on world markets, but not necessarily to the United States. 
Without the extra sell, the modeling process postulates that the United States would be 
able to obtain 25 percent of 1 ,000 tons, or 250 tons. This could be partitioned as 1 50 tons 
of the estimated production plus 100 tons of the previously-unused capacity. Using the 
expanded market share, with a parameter x equal to 50 percent, the total U.S. share of the 
400 tons corresponding to previously-unused capacity would be 0.25 + 0.5 x (1 - 0.25), 
or 62.5 percent of the 400 tons of additional capacity (i.e., 250 tons). The idea is to go 
halfway between the regular market share and getting all of the previously unused 
capacity. This share of 62.5 percent can be partitioned as the regular share plus the extra 
share, i.e., 25 percent plus 37.5 percent. The amount 37.5 percent of the 400 tons of 
previously-unused capacity, i.e., 1 50 tons, can be considered the amount of extra sell. 

The different rectangles in the figure show the partitioning of the total capacity into the 
various quantities of interest. The total amount the United States obtains is the sum of: 

• its regular share of estimated peacetime production (150 tons), 

• its regular share of previously-unused capacity ( 1 00 tons), and 

• the extra sel 1 amount (150 tons). 

In the example, this adds up to 400 tons, as opposed to 250 if the extra sell option had not 
been allowed. (This amount might then be subject to conflict-related decrements such as 
war damage, as mentioned earlier). 

The previously-unused capacity is to be regarded as the previously-unused capacity that 
is potentially available on the world markets, in the particular year under consideration. 
During the first year of the scenario, it might take some time for a producer to ramp up to 
capacity, so the previously-unused capacity that is potentially available in the first year 
might be less than that in subsequent years. 
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Parameters Example value 

Total capacity 1,000 (tons) 

Estimated peacetime production 600 

Previously -unused capacity ready for use 400 

Regular U.S. market share 25% 

Expansion factor x 50% 


Total U.S. share of previously unused capacity = .25 + .5*{1-.25) = .625 


Extra sell percentage = . 625 - .25 = .375 





(indicated tonnage amounts are proportional to the areas of the rectangles) 


(Regular) U.S. share of estimated 
production 

.25*600 

Share of estimated production 
going to other countries 

.75*600 

Regular U.S. share of previously- 
unused capacity 

.25*400 

Extra sell = additional U.S. share 
of previous ly-unused capacity 

.375* 

400 

Unused capacity that might 
remain unused or go to other 
countries 

.375* 

400 


Previously- 
unused 
capacity 
(400 tons) 


1S0 

Estimated 
peacetime 
production 
(600 tons) 



Figure A3c.3. Extra Sell Concept: Preferential U.S. Access to 
Foreign Unused Capacity 
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Foreign Country Cooperation 

It is unrealistic to assume that every country in the world would agree to engage in extra 
sells with the U.S. Also, it is impossible to say with certainty whether any particular 
country would cooperate with the U.S. in a future emergency. Yet for modeling purposes, 
NDS Program needs to restrict extra sells to a set of countries. NDS Program approached 
the construction of this set with careful deliberation. NDS Program surveyed experts, 
investigated historical precedents, and considered current political and diplomatic factors. 
The result is the following policy. The NDS Program models extra sells for those 
countries for which the U.S. has an Overview of Security of Supply Arrangement 
(SOSA) or a Memorandum of Understanding (MOU). There are seven countries that 
meet this criteria. In addition, the NDS Program includes Japan as an 8th potential extra 
sell country due to recent overtures by that country’s government regarding their 
willingness to loosen export controls for military sales. 

The U.S. currently has SOSAs with six countries: Australia, Finland, Italy, the 
Netherlands, Sweden, and the United Kingdom. SOSAs are bilateral arrangements the 
U.S. Department of Defense has negotiated with a select set of countries to ensure mutual 
supply of defense goods and services. Extra sells would often not explicitly take place 
within the construct of a SOSA, as SOSAs only cover military goods and services. 
However, the fact that a particular country has signed such an agreement is a good 
indication of their willingness to cooperate with the U.S. in a national emergency. 

The U.S. has an agreement with Canada called the Memorandum of Understanding on 
Priorities and Allocation Support Between the United States Department of Commerce 
and the Canadian Public Works and Government Services Canada. This is similar to a 
SOSA, but more flexible. The MOU was established in 1950 with the outbreak of the 
Korean War. The intent of the MOU was to leverage the two countries’ mobilization 
experience during World War II. This MOU has been updated several times over the 
years since 1950, with the latest version signed in 1998. The U.S. government 
arrangement with Canada is unique and based upon the integrated North American 
defense concept. 
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Appendix 4 
Alternative Cases 


This section is classified. 
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Appendix 5 

Assessing Strategic Risks of Scenarios: 
Protocols and Results 
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Appendix 5 

Risks of Scenarios: Perspectives 

This appendix will examine various perspectives on the strategic risks of potential 
scenarios that could disrupt the supply of strategic materials. They are: (1) Expert 
elicitation of future scenarios, (2) Frequency of historical scenarios. 

Expert Elicitation of Future Scenarios: What are the significant risks to 
the security environment during the ensuing decade? 

The Department of Defense (DoD) conducted a complementary, overarching assessment 
focused on broader strategic risks to U.S. national interests. This exercise consisted 
principally of structured interviews with senior retired and currently serving national 
security professionals, both military and civilian. Participants provided risk scores for 
future scenarios and categories of operations, and in doing so, offered quantitative 
estimates of both the probabilities and consequences associated with those scenarios and 
operations. In addition to the quantitative estimates for consequences (expressed as 
negative political, military, and economic utilities in each respondent’s value system), 
respondents were asked to defend their estimates by providing supporting rationale. 

This strategic exercise provides a range of potential conflict scenarios, along with the 
subject matter expert (SME)-estimated probabilities and consequences of these scenarios. 
The exercise provided estimated probabilities for the Base Case scenarios used in this 
report. Those probabilities are shown in Table A5.1 (with Base Case scenario 
probabilities listed as “Future #1” and “Future # 2 ")?^ 

Table A5.1. Selected Scenario Probabilities 


Prolnihility 


Max 

Mean 

Min 

Future #1 

6 

percent 

1.0 

percent 

0 

percent 

Future #2 

1 

percent 

1 

0.2 

percent 

0 

percent 


Association of specific scenarios with the Base Case is classified and can be found in Appendix 2g of 
this report. 
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Exercise Method 

The framework used was drawn from the Integrated Risk Assessment and Management 
Model (IRAMM),’’’ which the Institute for Defense Analyses (IDA) developed in 2004 
and 2005 to support an expert elicitation exercise involving senior military and civilian 
leaders in the DoD. This framework consisted of one-on-one, not-for-attribution 
interviews with senior leaders that lasted approximately 1 ,5 hours on average. 

Participants were asked to identify the strategic risk to the United States that they 
perceived in the decade from 2014 to 2024, based on their expectations for the 
performance of the currently-programmed U.S. military force structure. 

The exercise was designed in the following way. First, four^^ challenge areas (CAs) were 
defined^* that together cover a nearly-full range of potential conflict operations 
conducted by the U.S. military. The CAs and their definitions used in this exercise are 
shown in Figure A5. 1 . 




Major 

Combat 

Operations conducted against a state or non-state %tor that 
possesses significant military capability. This area should 
account for risk related to the use of WMD during the course 
of major combat. 

e.g., China, North Kama, Iran, Libya 

Irregular 

Warfare 

Stability operations, counterinsurgency, peacekeeping, or 
counterterrorism operations involving significant participation 
of U.S. forces in combat or prospective combat. 
e.g., Iraq, Afghanistan, Syria, Bosnia, Somalia 

Homeland 

Defense 

(WMD & Cyber) 

Protection of U.S. sovereignty, territory, population, and criticd 
infrastructure against external threats. This area should 
delineate among risks from WMD, cyber attack, and all other 
forms of external attack (except those directly related to Major 
Combat), 

e.g., 9/11, missile attack, WMD attack, cyber attack, other 
terrorist attack 


A5.1. Challenge Areas 


The name IRAMM was adopted in 2009. Before this, the framework described here was known as 
ICCARM (Integrated Cross-Capability Assessment and Risk Management). See IDA P-4470, IDA’S 
Integrated Risk Assessment and Management Model, June 2009. 

” WMD and Cyber were considered as separate challenge areas; results of these two challenge areas were 
compiled under the heading of Homeland Defense. 

The Challenge Areas were derived from the Quadrennial Defense Review 2014. 
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Respondents were asked to estimate risk for each of the three CAs based on their own 
identification of one or more scenarios in each of the CAs. For each scenario that the 
respondents identified, they were asked to estimate: 1 ) the likelihood that the scenario 
occurs in the next 10 years; and 2) the consequences of the scenario given that it occurs 
using the IRAMM consequence scale. These two parameters were then generally 
combined by multiplication, thus generating a risk score. This risk score is interpreted as 
the scenario’s contribution to the “expected value of losses” over the ten year period. 

Results 

There was not a majority of respondents that ranked any one challenge area as the riskiest 
for the coming decade. Thirty-eight percent (6/16) rated WMD as the riskiest challenge 
area. Two CAs - Major Combat Operations (MCOs) and Cyber —were each ranked 
riskiest by 19 percent (3/16) of respondents. One respondent considered IW to be the 
riskiest CA and three respondents scored multiple CAs (one Cyber & IW, one IW & 
WMD and the other IW, MCO & WMD) as the riskiest. One respondent did not rank all 
four CAs. Since the risk of a scenario is calculated as the product of the probability of its 
occurrence and its consequences, there are multiple ways for a scenario to score as high 
risk. This is illustrated by the three CAs (WMD, MCO, and Cyber) that were most 
frequently rated as the riskiest by the respondents. 

Respondents generally considered the likelihood of a WMD event in the homeland to be 
low (the median estimate of the probability of a nuclear attack was 4 percent); the 
consequences of such an event, however, were frequently deemed to be extremely 
detrimental to U.S. vital national interests. Many respondents had a similar view of 
cyber-attacks. Although cyber-attacks occur every day, most respondents deemed a 
significantly consequential cyber-attack to be unlikely. The respondents who ranked the 
Cyber CA as the riskiest, however, described potential cyber-attacks on the financial 
system or the electric grid as extremely harmful to U.S vital national interests. On the 
other hand, major combat was viewed as relatively more likely than WMD or Cyber 
scenarios (the median estimate of the probability that the U.S. would be involved in 
major combat in the coming decade was 32 percent). Many of the MCO scenarios 
proposed by respondents, however, were not deemed as consequential as a WMD attack 
or a significant cyber-attack. 

Pros and Cons of Expert Predictions 

The probabilities of future scenarios (including the base case scenarios) estimated in this 
exercise were based on the experts’ judgment on the likelihood of the scenario in 
question. As such, these estimates vary from respondent to respondent and reflect their 
experiences and possibly their biases. Thus, they are not necessarily solely based on the 
frequency of similar scenarios in the past. However, the strength of using experts to 
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estimate the probabilities of future events is that it allows for the fact that the past does 
simply “repeat itself’. The world changes and experts can and do stay abreast of those 
changes. 

Frequency of Historical Scenarios: What is the historical frequency of 
scenarios that disrupt the supply of strategic materials? 

Between 1914 and 2014, the U.S. was involved in four overseas military scenarios in 
which it experienced significant materia! supply disruptions of strategic and critical 
materials.^’ Strictly looking at these four events, the U.S. was engaged in conflicts for 
approximately twelve years as shown in Table A5.2. Those materials that the U.S. 
experienced supply disruptions included: synthetic sapphire (jewel bearings), tungsten, 
natural rubber, chromium and manganese. See Table A5.2 for a summary of the findings. 

If one were to take into consideration these past events that led to supply disruptions, and 
ultimately material shortages faced by the U.S. over the past 100 years since 1914, one 
might arrive at a historical scenario frequency of 0. 1 2 per year. 


Table AS.2. Summary of Historical Scenarios Causing Supply Disruptions 


Overseas Military 
Conflicts (1914- 
2014) 

Conflict 

Years 

Number of 

Years of U.S. 

Involvement 

Materials in which 
U.S. Experienced 
Supply Disruptions 

Countries 

Disrupting 

Supplies 

1. World Warl 

1914-1918 

2 

Synthetic sapphire 
(jewel bearings) and 
tungsten 

Germany 

2. World War II 

1939-1945 

5 

Synthetic sapphire 
(jewel bearings), 
tungsten and natural 
rubber 

Germany and 
Japan 

3. Berlin Blockade 

1948-1949 

1 

Chromium and 

manganese 

Soviet Union 

4. Korean War 

1950-1953 

4 

Chromium and 

manganese 

Soviet Union 


” Strategic and Critical Materials are “materials that would be needed to supply the military, industrial, and 
essential civilian needs of the United States during a national emergency, and are not found or produced in 
the United States in sufficient quantities to meet such need" (see 50 U.S.C. 98 et seq.). 
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Overseas Military Conflicts (1 914-2014) 

In the span of 100 years, a time in which the U.S. was acting as a major world power, 
there were four scenarios that resulted in material supply disruptions. The scenarios were: 
(1) World War I - 1914-18, (2) World War II - 1941-45, (3) Berlin Blockade - 1948-49, 
and (4) the Korean War - 1950-53. 

World War I (WW I) lasted four years, however, the U.S. entered the War in lOl?.**® For 
two years, the enemy (i.e., Germany) cut off the U.S. supply of synthetic sapphire (one type 
of jewel bearing) from Switzerland, where most of the world’s jewel bearings used in 
commercial and military products were produced.'" In addition, Germany had procured on 
the open market virtually the entire world supply of low-grade tungsten ore, which left the 
U.S. and other foreign countries with shortages of the material.''^ Tungsten was established 
as a strategic military item in the munitions build-up period prior to WW 1.'*^ 

WW II lasted six years; however, the U.S. did not enter into the War until 1941 . Once 
again, but this time for five years, Germany cut off the U.S. supply of synthetic sapphire 
from Switzerland, where most of the world’s jewel bearings were still being produced.'*'* 
Also, with the outbreak of the war in the Pacific, and with Japan moving into Southeast 
Asia, the worst-case scenario came to pass: the United States was cut off from its 
principal source of natural rubber. These developments placed rubber near the top of the 
list of America’s strategic and critical materials."*’ In addition, while there was a 
stockpile of sorts established in WW I, it was not sufficient to meet the needs of WW 
II.'** Germany’s military requirement for tungsten was very high, and they continued to 
buy virtually the entire world supply of low-grade tungsten ore which disrupted material 
supplies to the U.S.*’ During the Berlin Blockade, the conflict with the Soviets was not a 
direct, kinetic military confrontation but was treated as economic warfare. When the 
Soviet Union blockaded Berlin in 1948, cutting the city’s land links with the West, the 
United States clamped down on exports of industrial goods to the Soviet Union. Among 

" Congressional Research Services, “Instances of Use of United States Armed Forces Abroad, 1798-2009,” 
Richard F. Grimmett Specialist in International Security January 27, 2010.9. 

D. Sean Barnett, Barbara A. Bicksler, Theophilos C. Gemelas, Kenneth Kessel, (U) National Security 
Requirements for Jewel Bearings, IDA Paper P-2880, (Alexandria VA: Institute for Defense Analyses 
^ (IDA), April 1994) SECRET. 1-3. 

Mildred Gwin Andrews, Tungsten: The Story of an Indispensable Metal, The Tungsten Institute 
(Washington D.C.) 1955.9-11. 

“’ibid. 11. 

““D. Sean Barnett, Barbara A. Bicksler, Theophilos C. Gemelas, Kenneth Kessel, (U) National Security 
Requirements for Jewel Bearings, IDA Paper P-2880. (Alexandria VA; Institute for Defense Analyses 
(IDA), April 1994) SECRET. 1-3. 

“’Paul A. C. Koistinen, “Arsenal of World War II: The Political Economy of American Warfare, 1940- 
1945”. 2004 University Press of Kansas.148. 

“'"Michael T. England, Captain, USAF, “U.S. Industrial Mobilization 1918-1988: An Historical Analysis.” 
Air Force Institute of Technology Wright-Patterson AFB OH 45433-6583.200, 

Mildred Gwin Andrews, Tungsten: The Story of an Indispensable Metal, The Tungsten Institute 
(Washington D.C.) 1 955 , 9- 1 1 . 
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the goods embargoed were machinery, tools, trucks, and scientific instruments. In 
retaliation, the Soviet Union cut off shipments to the United States of raw materials 
critically needed by U.S. industry, mainly manganese, and chromium.''* U.S. steel 
industry experts projected that roughly 1 .4 million long tons of manganese would not be 
coming from the Soviet Union.''’ 

In the Korean War, the Soviet Union was largely self-sufficient in mineral resources. 

The U.S. was not in direct militaty conflict with the Russians, but economic warfare had 
begun. U.S. concern over the availability of the strategic minerals of chromium, cobalt, 
manganese and platinum was increased by the realization that the Soviet Union was a 
major foreign source for U.S. demands of chromium and manganese. The Soviet Union 
halted exports of both manganese and chromium during the Korean War.*® 

Other Military Operations 

From 1914 to the 1930s, U.S. military forces engaged in numerous interventions, 
primarily in China and South and Central America. Most of these were conducted by the 
Navy and Marine Corps. They usually involved small force operations and lasted for a 
few days or weeks. In a few instances, such as operations in Haiti, the operation lasted for 
several years. In these minor contingencies, shortages of equipment and consumables 
may have existed due to meager budgets for procuring additional material and supply 
chain problems, but none resulted in any disruptions of supplies of materials. In addition, 
the other conflicts the U.S. has been involved in, like the Vietnam War, the Gulf War, 
and Iraq and Afghanistan, along with other smaller, shorter conflicts, did not disrupt the 
supplies of strategic materials for the U.S. 

Pros and Cons of Historical Projections 

Historical data provides one way to estimate the probability of future scenarios that result 
in the disruptions of strategic materials. It may also be used to identify trends or patterns 
that might be able to provide insights about plausible future scenarios leading to strategic 
materials supply disruptions. However, as technology changes and substitution of 
materials evolve, world markets for these materials may get smaller and historical data 
may not provide a true picture of the underlying causes of strategic material supply 
disruptions. In addition, if the historical data is not available or is limited, then 
estimating frequency-based probabilities of supply disruption events may be misleading 
or infeasible. 


Strategic Materials: Technologies to Reduce U.S. Import Vulnerability, (Washington, DC: U.S. 
Congress, Office of Technology Assessment, OTA-ITE-248), May 1985.97. 

“’'U.S. News & World Report, “Soviet embargos of manganese and chromium,” December 16, 1949.26. 

“ Kent Hughes Butts, Strategic Minerals in the New World Orders, Strategic Studies Institute, U.S. Array 
War College, Carlisle Barracks, PA, November 30,1993.13. 
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Appendix 6 
Materials Exhibits 

6a. Nonproprietary Versions 

Aluminum Fluoride 6-3 

Aluminum Oxide, Fused Crude 6-4 

Ammonium Perchlorate 6-5 

Antimony 6-6 

Beryl Ore 6-8 

Bismuth 6-9 

Boron 6-11 

Boron Carbide 6-12 

Borosilicate Floated Glass 6-13 

1 ,2,4-Butanetriol, Precursor to 1,2,4-Butanetriol Trinitrate 6-14 

Carbon Fiber, Polyacrylonitrile-Based 6-15 

Carbon Fiber, Pitch-based 6-16 

Carbon Fiber, Rayon-based Aerospace Grade 6-17 

Chlorosulfonated Polyethylene (Synthetic Rubber) 6-18 

Chromium Metal 6-20 

Cobalt 6-22 

Cyclotetramethylene-tetranitramine and Cyclotrimethylene-trinitramine 6-24 

Fluorspar 6-25 

Gallium 6-27 

Gallium Arsenide 6-29 

Germanium 6-31 

Graphite, Natural 6-35 

Helium 6-36 

Hydrazine 6-38 

Indium 6-39 

Iridium 6-41 

Lead 6-43 

Lithium 6-45 

Lithium-ion Precursors 6-48 

Magnesium 6-49 

Manganese Ore 6-51 

Manganese, Electrolytic Manganese Metal 6-53 

Manganese, Ferromanganese and Silicomanganese 6-54 

Natural Rubber 6-55 

Nickel 6-57 

Niobium; Metal and Ferroniobium (Formerly Columbium) 6-59 

Nitrocellulose 6-61 

Nitrogen Tetroxide 6-62 
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Palladium 6-63 

Platinum 6-65 

Polypropylene Fiber 6-67 

Quartz Crystal, Synthetic 6-68 

Rare Earth Elements 6-70 

Rhenium 6-71 

S-glass 6-73 

Silicon Carbide 6-74 

Silicon Carbide Fiber, Multifilament 6-76 

Silicon Carbide Wafers 6-77 

Strontium 6-78 

Sulfur Hexafluoride 6-80 

Tantalum 6-81 

Tellurium 6-83 

Tin 6-85 

Tourmaline 6-87 

Triamino-Trinitrobenzene and 1, 3, 5 Trichlorobenzene 6-89 

Tungsten 6-91 

Ultra High Molecular Weight Polyethylene Fiber 6-93 

Vanadium 6-94 

Zinc 6-96 

Rare Earths 6-98 

Cerium 6-103 

Dysprosium 6-104 

Erbium 6-106 

Europium 6-107 

Gadolinium 6-108 

Holmium 6-109 

Lanthanum 6-110 

Lutetium 6-111 

Neodymium 6-112 

Praseodymium 6-113 

Samarium 6-1 14 

Scandium 6-115 

Terbium 6-116 

Thulium 6-117 

Ytterbium 6-118 

Yttrium 6-119 
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Aluminum Fluoride 


Description 

Aluminum fluoride (AIF3) is an inorganic, solid fluoride compound. 

Applications 

Aluminum fluoride is an essential additive in the production of aluminum. It 
is used to lower the melting point of electrolytes in the smelting process that 
converts alumina to aluminum. Given today’s technologies, it is impossible 
to make aluminum without AIF3. Aluminum is a widely used material, both ■ 
in industry and the military. 

Impact during a 

National 

Emergency 

Imported aluminum could partially compensate for lost domestic aluminum 
production. Production of aluminum occurs in many countries, although 

China (33 percent) and Russia (10 percent) are the two largest producers. 

Shortfall 

Possible 

Work is currently under way to evaluate and quantify 
a potential shortfall. 

Supply Risk 

Complete Foreign 
Reliance, Foreign 
Dominator 

The United States produces no AIF 3 . China produces 
roughly 50 percent of world supply. Russia is the 
second largest producer at 10 percent. Smaller 
producers include Canada, Italy, and Mexico. 

Recommended 

Action 

Continue monitoring efforts. 


Supply Chain 

The supply chain usually begins with acid-grade fluorspar. China (55 percent) and Mexico (20 
percent) are the primary producers of acid-grade fluorspar. The United States produces no acid- 
grade fluorspar, and imports come primarily from Mexico. Acid-grade fluorspar reacts with 
sulfuric acid to produce hydrofluoric acid (HF). Hydrofluoric acid is produced in the United 
States by two large chemical companies. Next, alumina is treated with HF at elevated 
temperatures in a fluidized bed reactor. The result is AIF3. 

An alternate AIF3 production method uses fluorosilicic acid (FSA) as the feedstock in place of 
HF. FSA is derived as a by-product from phosphate manufacture. This production method 
accounts for somewhat less than 20 percent of worldwide AIF3 production. 
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Aluminum Oxide, Fused Crude 


Description 

Compound of aluminum and oxygen, AI 2 O 3 . Also known as alundum. 
Formed by fusing calcined bauxite in an electric arc furnace. Has high 
melting point and abrasive properties. 

Applications 

Abrasive/miliing products, clay building materials, refractories 
manufacturing, soaps, and cleaners 

Impact during a 

National 

Emergency 

Defense 

Moderate. Alternative materials, with poorer performance 
characteristics, could be used for many applications. 

Essential 

Civilian 

Moderate. Alternative materials could be used for most 
applications. 

Shortfall 

Yes 

A net shortfall of 1 8,268 short ton (ST) 

Supply Risk 

Complete 

Foreign 

Reliance 

The United States no longer has any crude aluminum oxide 
production; 90 percent of imports come from China and 
Venezuela. 

Recommended 

Actions 

Purchase up to 18,268 ST for the NDS Program, with a projected cost of up 
to $9.5 million. 


Supply Chain 

Bauxite is chiefly composed of aluminum oxide and aluminum hydroxide. The United States is 
100 percent reliant on imports for its bauxite needs. When this mineral is fused in an electric arc 
furnace, brown fused alumina (BFA) and white fused alumina (WFA) can be produced. The 
United States has no crude aluminum oxide production. Production of high-purity aluminum 
oxide by two companies in the United States and Canada is limited. If these companies were to 
discontinue processing the material to high-purity grade, they could produce enough crude to 
cover a portion of the crude shortfall. Currently, the United States is 100 percent reliant on 
imports of crude fused aluminum oxide, which come predominantly from China (76 percent) and 
Venezuela (14 percent). The U.S. demand for fused crude aluminum oxide, as well as other 
manufactured abrasives such as silicon carbide, is largely influenced by the manufacturing 
industry. Key users include the aerospace, automotive, furniture, housing and steel industries. 
Specific applications include anti-slip additives, bonded abrasives, buffing/polishing compounds, 
coated abrasives (such as sandpaper), dry or wet blasting media, and tumbling media. Up to 30 
percent of fused aluminum oxide may be recycled. Washington Mills has invested in a closed- 
loop manufacturing process for abrasives, in which it collects spent aluminum oxide grain and 
recycles it back into usable material, ft should be noted that in most abrasive applications, fused 
crude aluminum oxide and abrasive-grade silicon carbide can be used interchangeably. Garnet, 
emery, and other metallic abrasives can also be substituted in various applications. 


Appendix 6-4 



235 


Ammonium Perchlorate 


Description 

Ammonium perchlorate (AP) is an acid salt, NH4CIO4. It is a powerful 
oxidizer when its particle size is greater than 15 microns, while smaller 
particles of AP are explosive. 

Applications 

Ammonium perchlorate is predominately used in composite solid 
propellants for solid rocket motors (SRM) and boosters such as Aircraft 
“ejection seats” composite SRM (propellant oxidizer) and missiles. 

Impact during 
a National 
Emergency 

Defense 

Grade 1 AP is required for defense and aerospace propellants 
and has no good substitute. 

Shortfall 

Possible 

Insufficient data available for modeling through the NDS 
Program stockpile sizing module. 

Supply Risks 

Single 

Domestic 

Producer 

All AP manufactured in North America comes from one 
American company. 

Recommended 

Action 

Continue close monitoring and collaboration within the Department of 
Defense (DoD). 
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Antimony 


Description 

Antimony (Sb) is a silvery-gray metal commonly alloyed with lead and tin to 
improve the alloy’s physical properties. 

Applications 

Lead hardener in ammunition, anti-friction alloys, and lead-acid batteries; 
alloyed with tin in certain lead-free solder; doping material in certain 
semiconductors. Antimony trioxide is an additive in textiles and plastics as a 
flame retardant. 

Impact during a 

National 

Emergency 

Defense 

Antimony metal is vital to manufacturing most lead-acid batteries 
utilized by the military. Indium antimonide semiconductors are 
used in FLIR vision systems and infrared homing missiles. 
Antimony trisulfide is used in fuses, small arms ammunition, 
mortar rounds, and artillery projectiles. 

Essential 

Civilian 

Antimony in flame resistant textiles and plastics may be difficult 
to substitute. 

Shortfall 

Yes 

A net shortfall of 13,1 18 short tons. 

Supply Risk 

Foreign 

Reliance 

Single domestic primary producer. The United States is heavily 
reliant on foreign sources of antimony. Greater than half is 
imported from China, with Mexico being the second largest 
domestic supplier. Domestic production is primarily from 
recycling, but that provides only a portion of domestic 
consumption (~15 percent). 

Recommended 

Action 

The NDS Program requests legislative authority for the purchase of 13,094 
short tons of antimony metal. 


Supply Chain 

Antimony is a silvery-gray, brittle semi-metal that rarely occurs in nature as a native element; 
rather, it is usually found in minerals, primarily stibnite (SbS3). Antimony is rarely used as a 
pure metal, but it can be alloyed with lead to strengthen and harden it. Also, it can be formed into 
antimony trioxide (Sb03), and then added to textiles as a flame retardant. Antimony is relatively 
abundant in the earth’s crust and is extracted as a principal product or a by-product of smelting of 
base-metal ores. Nearly all antimony is extracted in China. The U.S. resources of antimony are 
primarily in Alaska, Idaho, Montana, and Nevada. 

The United States is heavily reliant on the importation of antimony (e.g., concentrate and ore, 
metal, oxide, and other compounds). Greater than half is imported from China, with Mexico 
being the second largest supplier. Domestic production is primarily from recycled lead-acid 
batteries, but recycling provides only a minor portion of total domestic consumption (~15 
percent). Small quantities of antimony have been mined domestically as recently as 2007. None 
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of the domestically recycled antimony can be used in the production of semiconductor materials. 
Domestically, antimony ore and concentrate can be processed into pure metal, oxide, and other 
compounds required for military applications. 

Antimony can be substituted in most applications with other metals and compounds. 
Combinations of cadmium, calcium, copper, selenium, strontium, sulfur, and tin are substitutes 
for hardening lead for ammunition. Selected organic compounds and hydrated aluminum oxide 
are accepted substitutes for flame retardants. Lithium-ion batteries and antimony free lead-acid 
batteries can be substitutes for standard lead-acid batteries. Only a minor quantity of highly 
purified antimony (5N) is required for doping silicon wafers for semiconductors. 

Estimated Demand 

The consumption of antimony trioxide is expected to increase over the next several years. 

Antimony trioxide is utilized as a frame retardant in polyethylene terephthalate (PET) and 

synthetic textiles. Additionally, antimony trioxide and antimony pentasulfide are used to 
vulcanize rubber improving heat resistance. As third world countries and developing nations 
implement stricter fire regulations, the demand for antimony trioxide will increase. 

The estimated demand for antimony metal is expected to remain flat or slightly increase. 
Antimony metal is primarily consumed in lead-acid automotive batteries, solder, and bearing 

materials. The demand for automobiles globally is increasing driven by Asian markets. 

Antimony is used in certain lead-free solders, demand is expected to remain flat; antimony is only 
used in a minority of solders and always at a low percent. Consumption of lead-antimony bearing 
materials is decreasing due to environmental concerns. 

Supply Forecast 

The 2014 USGS - Mineral Commodity Summary estimates global mining production decreased 
in 2013 from 2012. China accounts for 80 percent of all production, but due to the Chinese 
Government designating antimony a protected and strategic mineral all mine production of 
antimony is controlled. Production at multiple mine sites in Mexico is being significantly ramped 
up by expanding historical mines, mills, and smelters. Domestic secondary production is expected 
to remain flat.. 
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Beryl Ore 


Description 

Beryl Ore includes beryl and bertrandite. These two main minerals are found 
in commercial beryllium ore used for beryllium production. 

Applications 

Beryllium (Be) is an important material needed for military and space 
applications. Please see Beryllium Metal in the Proprietary section of this 
appendix. 

Impact during a 

National 

Emergency 

Defense 

Beryllium metal and alloy products have a critical 
function in many defense platforms and cannot be 
substituted by other materials. 

Essential Civilian 

Limited 

Shortfall 

No 

Per 2015 NDS Program report 

Supply Risk 

Single Domestic 
Producer 

The transformation from beryl or bertrandite to beryllium 
hydroxide is taking place in only one domestic facility. 

Recommended 

Action 

Continue monitoring efforts. 


Supply Chain 

The United States is the largest producer, processor and consumer of beryllium in the world. 
Although there is only one producer, it is a fully integrated beryllium company. The company 
also has the largest reserves of beryllium ore as bertrandite (estimated 65 percent of the world 
reserves) and provides as much as 85 percent of the world beryllium production. Beryl ore is 
imported from countries such as Brazil, Nigeria, South Africa and Mozambique, but the 
production in these deposits is sporadic because the veins of beryl are randomly distributed within 
the deposit and usually not very large. 

Estimated Demand 

The mine production for beryllium ores (based on beryllium content) has been historically 
ranging between ~ 200 and ~ 300 metric tons in the years following the end of the Cold War, 
with the U.S, being the largest producer (~ 80-85 percent). This production appears to have been 
sufficient to produce the beryllium needed globally. 

Snpply Forecast 

Because of the small size of the beryllium market, little changes if any are anticipated. The 
predominant and established position of the market dominator will not change. A few companies 
exist in Russia, Kazakhstan and China that are able to provide beryllium products for the Asian 
market. 
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Bismuth 


Description 

Bismuth (Bi) is a brittle metal that is generally recovered as a by-product of 
other metal processing (lead, tin or tungsten). It has a high electrical 
resistance, lower thermal conductivity, and is the most diamagnetic of all the 
metals. 

Applications 

Bismuth is a major component for various alloys and compounds, used in 
pharmaceuticals applications (e.g., over-the-counter stomach remedies), 
solders, ammunition, fireworks, cosmetics and plastics. It may be used as a 
successful substitute for lead in certain applications. 

Impact during a 

National 

Emergency 

Defense 

Substitution may be challenging in thermoelectric devices and 
some metal alloys used in defense. Bismuth-based alloys are used 
in machining, (e.g., work holding of turbine blade during 
machining). 

Essential 

Civilian 

Often used as a nontoxic substitute to lead in brass, recyclable in 
some applications, and as an additive to enhance metallurgical 
quality (e.g., lead-free glasses, pigments, shot, and solder). 

Shortfall 

No 

Per 2015 NDS Program study 

Supply Risk 

Foreign 

Reliance 

The United States does not mine bismuth but does recycle it 

China dominates the global supply. Import reliance is listed in 
descending order: China, Belgium, United Kingdom, and others. 

Current Action 

The NDS Program does not contain bismuth. 

Recommended 

Action 

Continue monitoring efforts. 


Supply Chain 

The United States is highly reliant on international bismuth production (91 percent import 
dependency). In 2013, the United States sourced most of its bismuth imports from China (55 
percent) and Belgium (37 percent). Domestic primary production of bismuth ceased in 1997, and 
the last stocks of bismuth in the NDS Program were sold that same year. 

Bismuth is usually produced as a by-product from lead, tin, and copper mining. Bismuth is 
primarily produced by China, which accounts for approximately 86 percent of world mine 
production and 75 percent of world reserves. In China, it is primarily a by-product of tungsten 
ore processing. Major bismuth producers are located in China, Mexico, and Vietnam. 
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Estimated Demand 

In general, U.S. apparent consumption declined in 2009 to 2013 (-9 percent in 2012-2013 and -15 
percent in 201 1-2012), Consumption did increase in 2010-2011; however, this may be an outlier 
due to the economic recovery. U.S. consumption is driven by pharmaceutical applications, lead- 
free solder, and specialty alloys (fire detection systems, free machining steels, semiconductors.) 
The United States Geological Survey (USGS) estimated 2013 U.S. bismuth consumption to be 
900 metric tons. U.S. apparent consumption has generally trended downward since 2005. 

Worldwide demand may increase due to the European Union’s REACH Regulation and 
Restriction of Hazardous Substances Directive and the United States’ Reduction of Lead in 
Drinking Water Act. At this time there is only anecdotal evidence regarding the economic impact 
of these laws. 

Supply Forecast 

The worldwide supply of bismuth has generally declined since 2008. The 5 year forecast based 
on the latest available USGS data implies continued declines. This forecast may be revised due 
to newly available data from 2014. Bismuth supplies in 2014 are slightly tighter than in earlier 
years. 

China monitors bismuth exports; however, there is no evidence of a supply quota on this material. 
There is also no indication that China may embark on constricting bismuth production. 
Preliminary evidence su^ests defense demand may be fulfilled by multiple mines and refineries 
in Canada, Mexico, and Vietnam in case Chinese production is restricted. In addition, there is a 
small quantity of domestic secondary production of bismuth from new and old alloy scraps. 
According to the 2014 USGS Mineral Commodity Summary, domestic recycling accounts for 10 
percent of domestic consumption or 80 tons. U.S. recycled bismuth supply growth is flat. 
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Boron 


Description 

Boron (B) is a metalloid found naturally in the form of boric oxide (B2O3). 

Applications 

Abrasives, ceramics, glass, detergent, fertilizer, magnets, body armor, 
armor plates, nuclear reactor control rods, fire retardants. 

Impact during a 

National 

Emergency 

Defense 

Heavier body armor solutions could be substituted. 

Essential 

Civilian 

None; other materials could be substituted. 

Shortfall 

No 

Per the 2015 NDS Program Study. 

Supply Risk 

Limited 

Domestic supply is adequate. Multiple domestic producers. 

Recommended 

Action 

Continue monitoring efforts. 


Supply Chain 

The majority of boron products consumed in 2012 by the United States were manufactured 
domestically. Four main borates make up the majority (90 percent) of worldwide consumption: 
colemanite, kernite, tincal and ulexite. 

Although borates have a plethora of uses, the glass and ceramics sector consumed about 80 
percent of boron products in the United States. The remainder was used for abrasives, cleaning 
products, agriculture, and in the production of semiconductors. Defense applications of boron 
include aircraft engine components, ballistic personal and vehicle armor, permanent magnets, and 
rocket fuels. In ceramics, borates are used as fluxing agents and, in the form of boron carbide, as 
lightweight ballistic armor. In glass production, it is used to reduce thermal expansion, improve 
strength, chemical resistance, and durability and to provide resistance against vibration, high 
temperature, and thermal shock. The largest single use (~45 percent of world consumption) was 
insulation and textile fiberglass. As the international market demand in the insulation industry 
increases, so does the need for boric acid. Chinese producers are unable to compete in high- 
quality borates. Borates were also used in various materials for their flame-retardant properties. 
Boron is used in nuclear reactors to shield radiation and control reactivity and in emergency 
shutdown systems. The capability and use of recycling are insignificant. Sodium percarbonate 
and chlorine can be substituted in detergents where boron is used. With regard to insulation, 
cellulose, foam, and mineral wools can be substituted. 
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Boron Carbide 


Description 

Ceramic-grade boron carbide {B4C) is a synthetic compound made from 
synthesizing boron and carbon into a B4C crude material that is reduced and 
refined into fine powders for manufacturing ceramics. B4C has a high 
melting point, thermal stability, abrasive resistance, hardness, and absorbs 
neutron radiation. B4C materials assessed for this report are limited primarily 
to those qualified for DoD body armor requirements and other DoD weapon 
system uses. 

Applications 

B4C more generally is used mostly in commercial abrasives and refractories, 
in addition to small niche applications in technical ceramics, including 
nuclear shielding, wear parts, electronics manufacturing, and ballistic 
protection. B4C crude and powder demand assessed for this report include 
only those used for DoD ballistic protection including body armor and other 
DoD defense systems. 

Impact during 
a National 
Emergency 

Defense 

Significant. A U.S. defense shortfall for B4C crude is 
estimated for all 4 years of the 2015 NDS Program Base 

Case. There are currently no readily available (i.e., qualified) 
substitutes for B4C crude in many DoD armor applications. 

Essential 

Civilian 

Unknown. Base Case civilian B4C crude and powder 
demands were not evaluated for the 20 1 5 NDS Program RR, 
and as such civilian shortfalls were not assessed. 

Shortfalls 

Yes 

Amount withheld 

Supply Risk 

Significant 

Foreign 

Dependence 

While B4C crude and powders of all types are produced in 
the United States and multiple countries including China, 
Germany, India, and the Ukraine, specific crude and powder 
materials for DoD armor requirements are a lot more limited. 

Current 

Actions 

In addition to in-depth industrial base and supply chain assessments of B4C 
crude and powders by the Defense Logistics Agency Strategic Materials for 
possible stockpiling and other risk mitigation purposes. The Defense 

Logistics Agency Strategic Materials is collaborating with multiple DoD 
offices and agencies on other assessments and mitigation options 

Recommended 

Action 

Acquire B4C crude for DoD stockpiling purposes. Amount and projected cost 
withheld. Continue coordinating with DoD components on other risk 
mitigation options (e.g., possible qualification of alternative suppliers). 
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Borosilicate Floated Glass 


Description 

Borosilicate glass is manufactured using a float process, weighs less than 
soda lime glass, and is resistant to degradation from many industrial 
chemicals and higher temperatures. 

Applications 

Defense uses include opaque ballistic armor and transparent armor window 
systems. Lightweight alternative to conventional vehicle armor solutions. 

Commercial uses Include home appliances, lighting industry, and chemical 
industry. 

Impact during a 

National 

Emergency 

Defense 

U.S. military ground vehicles utilize a proprietary borosilicate 
float glass in Explosively Formed Penetrator (EFP) armor kits 
used against heavy ballistics threats, and in transparent armor 
window systems. Vehicle armor shortages were seen during 
previous U.S. conflicts, and DoD users could turn to armor 
solutions with higher weight or lower ballistic protection 
levels. 

Essential 

Civilian 

Limited alternative products and materials are available. 

Shortfall 

No 

Per the 2015 NDS Program Study. 

Supply Risks 

Foreign 

Reliance 

Single and foreign supplier (Germany). There are no other 
DoD-qualified materials with the same weight, performance, 
and transparency characteristics. Other armor materials with 
performance and weight trade-offs are available domestically. 

Recommended 

Action 

Continue monitoring efforts. 


Supply Chain 

A German manufacturer is the sole manufacturer of borosilicate float glass. Their product can be 
produced to various thicknesses and sheet sizes. The thicker products (3/4 in. and 1 in.) are used 
as ballistic armor substrates on ground vehicle explosively formed penetrator (EFP) kits. The 
product is also used on some ground vehicle transparent armor window systems. There are 
several alternative materials for transparent armor that are available domestically but have 
performance and weight trade-offs. 
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1 ,2,4-B utanetriol, 

Precursor to 1,2,4-Butanetriol Trinitrate 


Description 

1 ,2,4-butanetriol (BT) is a synthetic organic compound that can be 
synthesized by multiple routes, but purification is essential for its use as a 
precursor to 1,2,4-butanetriol trinitrate (BTTN), a nitrated plasticizer. 

BTTN is an explosive, shock-sensitive liquid that is used as an additive to 
increase the burn rate of solid rocket propellants. 

Applications 

High-purity BT is used as a propellant plasticizer in missile rocket motors. 
Lower-grade BT is used as a precursor in organic synthesis of 
pharmaceuticals. 

Impact during a 

National 

Emergency 

Defense 

BT is needed for producing BTTN. BTTN is used in 
defense applications where insensitive munitions, smokeless 
exhaust, and stability in storage are of great importance and 
substitution is therefore complicated. 

Essential 

Civilian 

Lower-grade BT can be purchased from many commercial 
chemical companies in the United States. 

Shortfall 

Possible 

Insufficient data available for modeling through the NDS 
Program sizing module. 

Supply Risks 

Foreign 

Reliance 

Mitigated 

Previously, foreign reliance (on China) for high-purity BT, 
but a single U.S. supplier was recently qualified. 

Recommended 

Actions 

Continue close monitoring and collaboration within DoD. 
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Carbon Fiber, Polyacrylonitrile-Based 


Description 

Polyacrylonitrile (PAN)--based carbon fibers serve as a continuous 
reinforcement material incorporated in advanced polymer matrix composites. 
Certain grades are widely used in U.S. military and aerospace applications. 
PAN-based carbon fibers are often classified as high strength (HS), high 
modulus (HM), intermediate modulus (IM), or standard grade (SO). 

Applications 

Defense - high-performance carbon fibers are used in various critical 
defense and national security space (NSS) applications such as rocket 
motors, space launch vehicles, manned and unmanned military aircraft, and 
satellites. 

Civilian - Commercial aviation, sporting goods, and industrial products. 

Impact during a 

National 

Emergency 

Defense 

Carbon fiber composites are used on U.S. space programs and 
on military aircraft. They are critical for global precision; 
intelligence, surveillance, and reconnaissance (ISR); and 
sustained engagement capabilities. 

Essential 

Civilian 

Modest. IM carbon fiber composites are heavily used in 
commercial aviation. 

Shortfall 

Yes 

Amount withheld. 

Supply Risk 

Foreign 

Reliance 

Please see Proprietary section. 

Current Actions 

Carbon fiber supply chains are under investigation by U.S. government space 
and missile communities. The Space Industrial Base Council (SIBC) Critical 
Technologies Working Group (CTWG) and the Defense Logistics Agency 
are evaluating mitigation options. Defense Logistics Agency Strategic 
Materials is seeking legislative authority to qualify alternative products and 
to establish a stockpile. 

Recommended 

Action 

A three-pronged approach is recommended. First, collaborate with other 
agencies and with industry to establish new domestic production. Second, 
collaborate with other agencies and with industry on research and 
development support to help qualify a domestic source for the production of 
certain fibers. Third, stockpile those fibers for which prongs one and two are 
unlikely to be successful. 
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Carbon Fiber, Pitch-based 

Pitch-based carbon fibers are heavily used in aircraft brakes and space satellite structures. There 
are two major Japanese manufacturers of pitch-based carbon fiber and one U.S. manufacturer. 
Defense Logistics Agency Strategic Materials considers pitch-based carbon fibers to be important 
to defense and essential civilian applications. There is currently not enough data to fully assess 
the supply chain and the impact of a conflict scenario on the availability of this material. Defense 
Logistics Agency Strategic Materials will continue to monitor this material and gather data on the 
supply chain in order to make an assessment in the next report. 
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Carbon Fiber, Rayon-based Aerospace Grade 


Description 

Aerospace-grade rayon fiber has low thermal conductivity and high strength. 
This makes the material useful for heat shields and other applications. 

Applications 

Space and missile applications, specifically in the throat, nose cap, and exit 
cone sections of solid rocket motors and the heat shields for re-entry 
vehicles. 

Impact during a 

National 

Emergency 

Defense 

Significant, as no qualified substitutes exist for certain 
applications. Finite quantities are available in 
government stockpiles, and some platforms have 
qualified foreign-produced rayon. 

Essential 

Civilian 

Limited. Substitute materials are available for less 
stringent applications. 

Shortfall 

Possible 

See Proprietary section. 

Supply Risk 

Complete 

Foreign Reliance 

No domestic suppliers. See Proprietary section. 

Current Actions 

The Defense Logistics Agency Strategic Materials is conducting an in-depth 
supply chain investigation. The space and missile communities, including 
NASA, Navy, and MDA, participate in a CTWG that is monitoring this 
issue. The goal of the supply chain analysis is to identify mitigation actions 
for supply issues, including potential substitution materials. 

Recommended 

Action 

Continue supply chain analysis. 
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Chlorosulfonated Polyethylene (Synthetic Rubber) 


Description 

Chlorosulfonated polyethylene (CSM) elastomers are olefin polymers that 
have been simultaneously chlorinated and chlorosulfonated to yield a family 
of curable polymers, varying from soft and elastomeric to hard and plastic, 
containing pendant chlorine and sulfonyl chloride groups. During the early 
1940s, as part of the war effort, DuPont initialized the development of CSM. 
DuPont was attempting to create a vulcanizable elastomer with the electrical 
and chemical properties of polyethylene. Instead, chlorinated polyethylene 
(CPE) was created, but it was difficult to vulcanize with the limited peroxides 
available. In time, the process was modified, which allowed simultaneous 
chlorination and chlorosulfonation of polyethylene and therefore allowed 
curing to occur with sulfur-bearing curatives. 

Applications 

Automotive components, tires, belts, hoses, industrial products, construction 
(roofing and geomembranes), wire and cable, molded goods, and coatings. 

Impact during 
a National 
Emergency 

Defense 

Required for cables, linings/coatings for tents, boats, and 
similar articles. Substitution and recycling are limited. 

Essential 

Civilian 

Automotive and industrial uses involve a combination of 
natural and synthetic rubber. Recycling is limited due to a loss 
of properties in the recycling process. 

Shortfall 

Yes 

There is a net defense shortfall of 2 1 6 metric tons. 

Supply Risk 

Foreign 

Reliance 

The United States imports from Japan and China. U.S. 
production ceased in 2008. 

Recommended 

Action 

As a net shortfall material, CSM is recommended for further study and 
stockpiling. 


Estimated Demand 

Since 2008, world CSM demand has dramatically decreased, especially in the United States and 
Western European markets, and fell from 19,800 metric tons in 2008 to just 12,400 metric tons in 
2011, at an average annual growth rate of -14 percent. Consumption in the United States fell 
from 1 1,000 metric tons in 2008 to 4,500 metric tons in 201 1. One outcome of this was product 
substitution in the areas most affected, as well as a new supply of CSM from Asian sources. 
Production in Asia has increased during 2010-2012, which has led to a small rebound in the 
market, but not to its former level. 

The United States, Western Europe, China, and Japan accounted for nearly 80 percent of world 
CSM consumption in 2011. CPEs have been adopted in many applications in a variety of 
industries, such as the construction sector (roofing membranes, pond and reservoir liners), 
automotive sector (hoses, tubing, and belts), industrial products sector (seals, belts, linings. 


Appendix 6-18 








249 


printing rolls, and linings for tanks), wire and cable sector, and others (molded goods and articles, 
coatings and adhesives). The largest end use for CSM continues to be parts for the automotive 
sector, accounting for roughly 30 percent of the world market. 

World consumption of CSM is expected to reach nearly 14,000 metric tons by 2017, growing at 
an average annual rate of 1.7 percent during 2011-2017. China is expected to show the largest 
average annual growth rate (4.3 percent) because of its expanding automotive, electrical, and 
industrial markets, followed by the rest of the world — mainly other parts of Asia (3.5 percent) 
and Japan (1.8 percent) — with negative growth in the United States and Western Europe. 
Markets for CSM have been shifting toward Asia. 

Supply Forecast 

In 201 1, total world capacity for CSM was 15,000 metric tons, and production was estimated at 
1 1,500 metric tons. Prior to the closure of DuPont’s CSM unit in the United States in 2008 and 
the cessation of production worldwide in 2010, world production capacity for CSM was close to 
40,000 metric tons. DuPont’s actions created a major disturbance in the world CSM market. 
Japan and China are now the largest CSM suppliers in the world, with Japan being the largest 
exporter. As of 2011, the United States still leads in terms of world CSM consumption, with 
China close behind. It is expected that China will soon be the largest world consumer of CSM by 
2016-2017. 

Projected world capacity in 2017 should be adequate to meet projected consumption through 
2017. World capacity is expected to grow by a few thousand metric tons, as China will be adding 
capacity during 2012-2015. 
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Chromium Metal 


Description 

Pure chromium metal (Cr), produced by electrolytic or aluminothermic 
processes, and further purified by vacuum degassing. Forms traded include 
cathode flakes, briquettes, and fine powders. 

Applications 

High-purity chromium metal is used in nickel- or cobalt-based superalloys 
for corrosion resistance and material properties at high temperature. Lower- 
grade chromium metal used for final adjustment of steel alloy composition. 

Impact during a 

National 

Emergency 

Defense 

Superalloys used in turbine engines for jet aircraft, tanks, and 
marine applications. 

Essential 

Civilian 

Superalloys used in commercial turbine engines for aircraft, 
marine, and land electric power generation applications. 

Shortfall 

No 

Per 20 1 5 NDS Program study. 

Supply Risk 

Foreign 

Reliance 

Most electrolytic chromium metal is produced in Russia. 
Aluminothermic chromium metal is produced in China, 

France, Russia, and the United Kingdom. 

Current and 

Recommended 

Action 

National Defense Stockpile contains about 4,054 metric tons of chromium 
metal, plus larger amounts of ferrochromium. Continued study of stockpile 
for suitability in defense uses. 


Supply Chain 

The chromium supply chain is dominated by chromite ore and ferrochromium used for stainless 
steel production. Chromium metal represents on the order of 2 percent of the overall chromium 
market. The main U.S. producer of electrolytic chromium metal ceased production in 2009. One 
company produces high-grade chromium chemicals, including oxide, and another prepares and 
sells chromium powder made from electrolytic chromium. 

Electrolytic chromium metal is produced in Russia. Aluminothermic chromium metal is 
produced in France, Russia and the United Kingdom. Recently, a number of Chinese firms have 
become established chromium metal producers. The November 2013 USGS Mineral Industry 
Survey shows that China now produces almost a third of the overall chromium metal imported 
into the United States, and over half the unwrought powder. 

A comprehensive review of the supply chain for high-purity chromium metal for superalloys was 
conducted by the National Research Council in 1995. At the time, the review found that the 
production capability exceeded demand. Since then, several firms have ceased production, and 
the world’s production capability more nearly matches demand. 
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Estimated Demand 

The November 2013 USGS Mineral Industry Survey for Chromium indicates that annualized 
imports of all forms of chromium metal in 2013 were on the order of 13,000 metric tons. It also 
shows consumption in superalloys as 5,600 metric tons, annualized. The 1995 National Research 
Council study estimated U.S. consumption of high-grade chromium metal as approximately 6,000 
metric tons per year. This is consistent with the USGS 2013 data and indicates a consistent 
demand rate. Chromium chemicals are also used in a number of industries. Chromium oxide is a 
precursor to electrolytic chromium metal, and chromic acid is used by the chromium 
electroplating industry. 

Supply Forecast 

Chromium metal supplies from France and the United Kingdom are likely stable. Plants 
producing electrochemical and aluminothermic chromium in Russia are aging; some upgrades 
appear to be under way to ensure reliable operation. Production in China is likely growing. 
There appears to be an adequate source of supply today, but the U.S. superalloy industry relies 
upon imports from China, Russia, and Europe. 
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Cobalt 


Description 

Cobalt (Co) is a hard, ferrom^etic metal that retains its strength at high 
temperatures. It is supplied as cobalt metal and alloy products, cathode 
metal, metal powder, cobalt oxide and hydroxide, and other forms. 

Applications 

Superalloys and other metal alloys, batteries, magnets, cemented carbides, 
pigments, catalysts, magnetic coatings. 

Impact during a 

National 

Emergency 

Defense 

Limited substitution is possible. Main defense uses are 
superalloys used in jet engines. Stellite alloys, nickel-metal 
hydride (NiMH) and lithium-ion batteries, samarium-cobalt 
and Alnico magnets. 

Essential 

Civilian 

Limited substitution and recycling possible for civilian uses. 

Shortfall 

No 

Per 2015 NDS Program study. 

Supply Risk 

Foreign 

Reliance, 

Single 

Failure 

No U.S. mine production and only one domestic producer of 
recycled product. Foreign reliance is on Democratic 

Republic of Congo for mining and China for refining. 

Current Action 

National Defense Stockpile contains 301 metric tons of cobalt. 

Recommended 

Action 

Recommend holding remaining inventory. Continue monitoring efforts. 


Supply Chain 

Cobalt is generally produced as a by-product of copper, nickel, and other metals. The majority of 
cobalt, roughly half of global supply, is mined in the Democratic Republic of Congo (DRC). In 
addition, cobalt is also mined in Canada, China, Russia, Australia, Zambia, and several other 
countries. The only primary cobalt mine is in Morocco. China was the world’s leading producer 
of refined cobalt, mostly using concentrates from DRC. Imports of refined cobalt by the United 
States were from China, Norway, Russia, and other countries. In 2013, about 24 percent of U.S. 
apparent consumption was met through the secondary market. 

The one sole producer of cobalt metal powder in the United States separates cobalt from 
cemented carbide scrap. A number of downstream producers use cobalt in cemented carbides and 
various alloys, including a number of major turbine engine manufacturers. Increasing quantities 
of cobalt chemicals are being processed by producers of NiMH and lithium ion batteries. 
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Estimated Demand 

Domestic apparent consumption has been relatively steady since the 1950s. The U.S. apparent 
consumption estimated by USGS for 2013 was 9,300 metric tons. Almost half the cobalt 
consumed in the United States is used in cobalt-based superalloys and as an alloying element in 
nickel-based superalloys. About 9 percent of that consumed is used in cemented carbides. Other 
metallic applications, including cobalt-based Stellite alloys, maraging steel alloys, and both 
samarium cobalt and^ Alnico magnets, account for 16 percent of demand. The remaining 27 
percent is used in chemical applications such as pigments, catalysts, tire adhesives, and 
preparation of magnetic coatings. Batteries have become a major application for cobalt 
chemicals. The Cobalt Development Institute estimates that batteries may consume more than a 
quarter of the world’s cobalt supply. Battery applications show the most significant possibilities 
for increased cobalt demand. 

Supply Forecast 

Cobalt and copper output in DRC may increase substantially in the near future, assuming political 
and economic stability continues in the eastern part of that country. With overall demand 
relatively stable, the cobalt market should be well supplied and prices are expected to fall. 
Chinese firms have been buying control of DRC mines to ensure supplies of raw material for 
cobalt refining. Construction of a cobalt mine in Idaho has been suspended based on poor 
prospects for profitability. Cobalt may be recovered at the Eagle copper and nickel mine under 
construction in Michigan. Growth in demand for the use of cobalt in batteries may offset 
increased potential for production. 
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Cyclotetramethylene-tetranitramine and 
Cyclotrimethylene-trinitramine 


Description 

Cyclotetramethylene-tetranitramine (HMX) and cyclotrimethylene- 
trinitramine (RDX) are high explosives. 

Applications 

Significant use by the military for aerial bombs, mines, and torpedoes as well 
as a variety of missiles. Also used in controlled demolitions and as 
perforators for the oil and gas industry. 

Impact during a 

National 

Emergency 

Defense 

Potentially significant because HMX and RDX are used as 
ingredients in several different explosives. Nitrotriazolone 
(NTO) is a substitute for RDX, and triamino-trinitrobenzene 
(TATB) is a substitute for HMX. Both NTO and TATB are 
produced within the United States. 

Shortfall 

Insufficient data available for modeling through the NDS Program sizing 
module. 

Supply Risks 

Single 

Domestic 

Producer 

No imports but only one manufacturer that produces both 
these high explosives within the United States. The 
production of HMX and RDX requires strong nitric acid, 
which is also on the NDS Program Watch List because of 
supply issues. 

Recommended 

Action 

Continue monitoring efforts. 
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Fluorspar 


Description 

Mineral containing calcium fluoride (CaF^). Acid-grade fluorspar has 
greater than 97 percent CaF 2 , while metallurgical grade contains <97 
percent CaF 2 . 

Applications 

Acid-grade fluorspar is used to make hydrofluoric acid (HF). HF is used in 
refrigeration, foam blowing, fire suppression, insulation, uranium 
manufacture, and various other uses. Another key use is in the production 
of aluminum fluoride, a critical component in aluminum production. 
Metallurgical grade is mainly used as flux in steelmaking. 

Impact during 
a National 
Emergency 

Defense 

Supply expected to cover defense demand. 

Essential Civilian 

Industry would draw from current inventories. 

Shortfall 

Acid Grade 

No 

Metallurgical Grade 

No 

Supply Risks 

Foreign Reliance 

A single domestic mine site is under 
development. Large producers are Mexico and 
China. Smaller producers are South Africa, 
Mongolia, and Russia. 

Previous Activity 

Previously stockpiled by the NDS Program. The DoD authorized sale of 
entire stockpile in 1993, which was subsequently completed in 2006. 

There is currently no stockpile. 

Recommended 

Action 

Continue monitoring efforts. 


Supply Chain 

China and Mexico are the major suppliers of fluorspar, making up 65 percent and 17 percent of 
the market, respectively. Fluorspar is currently not produced in the United States, except for 
small amounts obtained as by-products of other processes. A new mine with an estimated 
70,000+ metric ton capacity is under development in Livingston County, Kentucky, but it is 
uncertain whether it will eventually open. From 2008-2011, the United States imported fluorspar 
from Mexico (69 percent), China (20 percent), and South Africa (8 percent). Concerted programs 
exist in Mexico and South Africa to expand capacity in their current facilities. A planned 
expansion at the Las Cuevas Mine in Mexico plans to increase its capacity this year, however, the 
acid-grade fluorspar produced there contains high levels of arsenic, and only a single U.S. plant is 
capable of using it. The Vergnoeg Mine in South Africa has extensive capability to increase 
production, given significant funding ($20 million). Domestically, acid-grade fluorspar accounts 
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for the substantial majority of fluorspar consumption. It is used mostly in hydrofluoric acid (HF) 
production. HF is a precursor to almost all fluorine compounds. Fluorspar is used to produce 
aluminum fluoride, an essential ingredient in aluminum production, and to produce sulfur 
hexafluoride (SF^), which is used by the U.S. Air Force (USAF) and U.S. Navy (USN) in high- 
voltage electronics, aircraft radar systems, submarine sonar systems, and torpedo propulsion 
systems. Metspar, a form of fluorspar, is primarily used as flux in steel and aluminum 
production. However, aluminum smelting dross, borax, calcium chloride, iron oxides, manganese 
ore, or silica sand titanium dioxide can be used as substitutes for Metspar in this application. 
Yearly, approximately 3,000 metric tons of synthetic fluorspar is recycled from uranium 
enrichment, petroleum alkylation, and stainless steel pickling. By-product fluorosilicic acid has 
been used as a substitute in aluminum fluoride production and also has the potential to be used as 
a substitute in HF production. 
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Gallium 


Description 

Most primary gallium (Ga) is extracted as a by-product of the refining of 
bauxite into alumina. However, given the low concentrations and cost of 
extracting gallium, most alumina refiners do not capture it. The most 
common forms of gallium are gallium metal, gallium arsenide, and gallium 
nitride. Gallium antimonide is used for night vision and missile guidance. 

Applications 

Integrated circuits, optoelectronics, laser diodes, light-emitting diodes, solar 
cells, radar missile defense, and infrared imaging. 

Impact during a 

National 

Emergency 

Defense 

Electronics, missile guidance 

Essential 

Civilian 

Electronics 

Shortfall 

No 

Per 2015 NDS Program Report. 

Supply Risk 

Foreign 

Reliance 

The United States is 99 percent import reliant. Key import 
sources are Germany, United Kingdom, China, and Canada. 

Current Actions 

Gallium is an essential element for compound semiconductors used in many 
ground and space microwave transistor and integrated circuit applications. 
Gallium provides the high-efficiency, high-frequency, high-power, and low- 
noise properties critical for satellite communications. Microwave power 
transistors using gallium nitride (GaN) are becoming increasingly important 
because of the substantial reductions in weight in future satellites. This 
material is also used to manufacture solar cells for spacecraft power 
generation. Furthermore, the United States is currently 100 percent import 
dependent for its estimated consumption of 33.5 metric tons of annual primary 
gallium. 

Recommended 

Action 

Prepare a supply-chain analysis in FY 201 5. 


Estimated Demand 

Global demand for gallium in 2012 was estimated to be 250 metric tons. The United States 
consumed approximately 34 metric tons consisting of 20.6 metric tons of primary gallium and 
13.8 metric tons of secondary gallium. As mentioned above, imports of gallium and gallium 
arsenide (GaAs) supplied nearly all U.S. demand for gallium in 2012. Principal import sources 
were Germany (32 percent of all imports). United Kingdom (27 percent), China (15 percent), 
Canada (11 percent), and other countries (15 percent). Market conditions for GaAs improved in 
2012 driven by strong growth in smartphones and other high-speed wireless applications. 
Meanwhile, due to its large power-handling and high-voltage capabilities, GaN has been gaining 
wider market acceptance in power electronics, commercial wireless infrastructure, and satellites. 
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Supply Forecast 

Assuming gallium is present in bauxite at a concentration of 50 ppm, the United States has an 
estimated 15,000 metric tons of gallium resource. However, as most of the country’s bauxite is 
not economical, the gallium contained therein is not recoverable. It is generally believed that the 
United States has gallium present in concentrations as high as 50 ppm in domestic zinc ores, 
which could serve as a substantial resource, but because of a lack of available ore, the United 
States produced no primary gallium in 2012. Imports supply approximately 99 percent of U.S. 
gallium consumption, of which Germany supplies 32 percent, while a small amount of gallium is 
recovered from GaAs. 

According to USGS estimates, world primary gallium production was estimated to be 383 metric 
tons in 2012. China, Germany, and Kazakhstan were the leading producers, accounting for 91 
percent of global production. Refined gallium production was estimated to be about 354 tons, 
which included primary gallium production and some possible scrap refining. China, Japan, the 
United Kingdom, and the United States were the principal producers of refined gallium. Gallium 
was recycled from new scrap in Canada, Germany, Japan, the United Kingdom, and the United 
States. World primary gallium capacity in 2012 was estimated to be 474 tons; refinery capacity, 
270 tons; and recycling capacity, 198 tons. 
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Gallium Arsenide 


Description 

Gallium arsenide (GaAs) is a compound of the elements of gallium and 
arsenic and belongs in the class of HI-V Group semiconductors. The 
electrical properties of GaAs are superior to those of silicon. For example, 
GaAs transistors are faster and more efficient than silicon-based integrated 
circuit chips, with electrons moving five times faster in GaAs. GaAs is also 
relatively insensitive to heat as compared to silicon because of its wider band 
gap, and GaAs devices emit less noise - a key characteristic in defense 
applications. 

Applications 

Cell phones, light-emitting diodes (LEDs), integrated circuits, flat panel 
displays (FPDs), solar thin film photovoltaics (CIGS), magnets and liquid 
displays. 

Impact during a 

National 

Emergency 

Defense 

Critical for radar, short wave infrared tracking, night vision, 
satellite communications. Silicon and gallium nitride (GaN) 
are potential substitutes for GaAs, depending on qualification 
requirements of specific platforms. 

Essential 

Civilian 

Consumer electronics 

Shortfall 

No 

The United States is currently 100 percent import dependent 
for its estimated annual consumption of 33.5 metric tons of 
annual primary gallium. 

Supply Risk 

Foreign 

Reliance 

Primary gallium 

Current Action 

Gallium is an essential element for compound semiconductors used in many 
ground and space microwave transistor and integrated circuit applications. 

Recommended 

Action 

Further supply chain analysis should be undertaken in order to understand 
the supply chain for this semi-finished, processed material. 


Estimated Demand 

Gallium arsenide is one of the most common forms of gallium used in semiconductor and solar 
applications. The electronics sector, particularly smartphones, LEDs, monolithic microwave 
integrated circuits (MMICs), FPDs, and wireless applications, are the main end-use drivers for 
GaAs. 

GaAs substrates are coveted for their semiconducting and semi-insulating properties. 
Semiconducting substrates are used in optical devices (infrared emitting diodes, laser diodes, 
photo detectors, LEDs, etc.), while semi-insulating substrates are used in electronics [digital 
integrated circuits, field effect transistors, MMICs, and ultra- high frequency (UHF) wave 
devices] and photovoltaics. Gallium provides the high-efficiency, high-frequency, high-power, 
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and low-noise properties critical for satellite communications. Microwave power transistors 
using GaN are becoming increasingly important because of the substantial reductions in weight in 
future satellites. This material is also used to manufecture solar cells for spacecraft power 
generation. 

The United States is the world’s third largest consumer of gallium behind Japan and China. 
While official statistics are not available, the USGS collects usage data for the United States by 
industry survey. Since participation is voluntary and response rates are less than 100 percent, 
USGS analysts estimate total gallium us^e for the United States. U.S. demand for gallium 
totaled an estimated 34 metric tons in 2012, down slightly from 2011. Integrated circuits 
accounted for 68 percent of usage, while optoelectronics made up the balance. While the United 
States is nearly 100 percent import reliant on primary gallium, the country is home to several 
manufacturers of gallium-based electronics and optoelectronics, as well as hetero-junction bipolar 
transistor (HBT) wafers for wireless power amplifier (PA) circuits, as well as components used in 
radio frequency and microwave applications. While further research would be needed for 
specific requirements, it appears that the United States is well positioned in the middle and 
downstream tiers of the supply chain. 

Growth in the demand for GaAs will be a function of the growth of its main end uses. Roskill, 
forecasts a cumulative average growth rate (CAGR) of between 30 percent and 50 percent per 
year for many of the end markets that utilize GaAs substrates. Worldwide total gallium (all 
gallium products) demand is forecast to reach approximately 350-400 metric tons by 2017, of 
which approximately half will be GaAs. 

Supply Forecast 

Estimates for the supply of virgin gallium is complicated by the fact that primary gallium is the 
by-product of alumina and zinc processing. Secondary production of gallium is a major source of 
material for producers of gallium compounds. However, supply data for recycled material are 
only estimates at best due to the paucity of data and the fact that a substantial portion of recycled 
gallium in Japan is captured in the liquid-phase epitaxy (LPE) “loop” (meaning gallium 
consumed in the LPE sector is recycled and reused in the LPE sector) and is therefore unavailable 
to the broader market. Despite these challenges, the USGS has estimated world primary gallium 
capacity in 2012 of 474 tons; refinery capacity, 270 tons; and recycling capacity, 198 tons. 

Estimates for GaAs supply are even more difficult to ascertain because of a lack of published data 
stemming from company policies on production capabilities. Further research is required in this 
area. 

While estimates of worldwide GaAs production are unknown, there is a wealth of information 
regarding the main producers and their manufacturing methods. There are approximately 33 
producers of GaAs substrates operating in seven countries using various crystal growth methods 
and epitaxial layering techniques. Summary information on these suppliers can be found in 
Roskill (IBID, pages 64-74). There are nine U.S.-based GaAs manufacturers, of which eight 
operate facilities in the United States. 
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Germanium 


Description 

Germanium (Ge) is a metalloid that is supplied as a by-product of zinc 
mining. Germanium comes in a variety of forms including germanium 
oxides, germanium metal, and germanium powder. 

Applications 

Fiber optics, infrared optics, polymerization catalysts, electronics, and solar 
cells. Key defense applications include missile guidance and solar cells for 
satellites. 



High-purity germanium is manufactured into infrared (IR) 
lenses for most DoD night vision technology, thermal imaging 
systems, and IR tracking systems in combat vehicles. These 
applications are essential for tracking ground targets and heat- 
seeking missiles and conducting nighttime counterinsurgency 
operations. 

Impact during a 

National 

Emergency 

Defense 

In addition, high-purity germanium substrates are utilized in 
the manufacture of solar cells that power defense and national 
security space satellites. These satellites are critical for 
reconnaissance, missile detection, and communication. Two 
areas of significant growth within the military are the use of 
unmanned aerial vehicles (UAVs) and the transmission of 
high-definition video. The U.S. military has turned 
increasingly to the private sector to procure use of its available 
bandwidth to satisfy military requirements. This reliance on 
commercial satellites for critical defense operations renders an 
added dimension of complexity and vulnerability to U.S. 
national security. 


Essential 

Civilian 

Plastics and telecommunications 

Shortfall 

Yes 

There is a net shortfall of 17,002 kilograms. 

Supply Risk 

Foreign 

Reliance 

The United States is 90 percent import dependent on 
germanium, with principal suppliers including China (51 
percent of all imports); Belgium (24 percent); Russia (16 
percent); and Germany (6 percent). While domestic 
production exists, there is currently one producer of high- 
purity germanium metal in the U.S. market with limited 
capacity because of the need to meet several competing 
demands. It is unlikely this producer could meet a surge in 
demand posited by a national emergency. National defense 
requirements for IR optical devices and space-qualified solar 


Appendix 6-3 ! 




262 




cells are often overshadowed by the private sector 
requirements for terrestrial solar cells and semiconductors 
used in LEDs, resulting in production delays and shortages. 

Recommended 

Action 

Continue with upgrade portions of existing NDS Program inventory to 
wafers. Acquire additional germanium metal for stockpile. 


Estimated Demand 

Apparent U.S. consumption of germanium totaled 40,000 kg in 2012, utilizing 30 percent of 
world supply. Annual demand is expected to grow steadily at 7 percent per year, in line with 
growth in electronics, fiber optics, IR optics, and Gross Domestic Product (GDP). Demand 
requirements for DoD and essential civilian applications are markedly different. Demand by the 
military for high-purity germanium metal for IR devices is 71 percent of the country’s total 
demand, while essential civilian requirements for high-purity germanium metal are less than 2 
percent of total demand. Conversely, demand within the essential civilian sector is driven by 
GeCU for fiber optics (64 percent), while less than 20 percent of critical DoD demand for 
germanium is attributable to fiber optic cables. 

Supply Forecast 

Currently, Alaska has the sole domestic zinc mine recovering its zinc smelter residues for 
germanium recovery. The zinc smelter residues are processed in Canada, and are recovered and 
processed into germanium products and high-purity metal. A second zinc mine with a history of 
germanium production, located in Washington, was placed on temporary “care-and-maintenance” 
status due to the drop in zinc prices in 2010. There is also a germanium refinery in Oklahoma 
that produces germanium for fiber optics, IR devices, and substrates for electronic devices. 

Global production of germanium totaled an estimated 156,000 kilograms in 2012, up from 

150.000 kilograms in 2011. China is by far the largest producer, with its output totaling 105,000 
kilograms in 2012. The United States produced 5,000 kilograms in each of the last 2 years. 
Global capacity of germanium totaled 293,000 kilograms in 2012. If all planned Greenfield and 
expansion projects were to reach fruition, global germanium capacity could potentially reach 

535.000 kilograms by 2020. However, the majority of this new capacity growth is planned for 
China and, as such, should be considered tentative at best. Moreover, the specifications for high- 
purity germanium metal for IR optical devices and space-qualified solar cells can only be met by 
a few niche suppliers. 

Below is a material flow diagram for germanium prepared by ORNL on behalf of the NDS 
Program 
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Graphite, Natural 


Description 

Most stable form of carbon (C). It has a high melting point, is chemically 
inert, and is the most electrically and thermally conductive non-metal. 

Applications 

Civilian uses include refractories, industrial shapes, lubricants, batteries, 
friction products such as truck brakes, additives for steel production, 
pencils, and others. 

Defense uses of natural graphite include batteries, lubricants, body armor, 
engine turbine components, coatings for aircraft manufacture, and missile 
parts. 

Impact during a 

National 

Emergency 

Defense 

Modest. Substitution could be utilized to help meet demand. 

Essential 

Civilian 

Recycling could be ramped up to meet demand. Domestic 
natural graphite mines may be opened. 

Shortfall 

No 

Per 2015 NDS Program Report. 

Supply Risk 

Foreign 

Reliance 

No domestic natural graphite production. Major producers of 
natural graphite include China (70 percent), North Korea (10 
percent), and Brazil (8 percent). Synthetic graphite, 
produced by the United States, Japan, China, the European 
Union, and India, could be used as a substitute in many 
applications. 

Recommended 

Action 

Continue monitoring efforts. 


Supply Chain 

The United States has no domestic production of natural graphite, but it is consumed by roughly 
90 U.S. companies. Principal import sources for natural graphite include China (35 percent), 
Mexico (35 percent), and Canada (20 percent). Most natural graphite takes one of two forms, 
flake or amorphous. All of our amorphous imports come from Mexico, and uses include steel 
additives and foundry applications. Main uses of flake graphite include refractories and batteries. 
Top-quality flake graphite will likely see an increase in demand in the coming years; meanwhile 
the supply looks to be steady at best, and there are concerns about potential export controls out of 
China. Expandable graphite is a cutting-edge material made from top-end flake. Uses include 
flame retardants, solar cells, nanoparticles, and lithium-ion batteries. Graphene, which could also 
be made from top-quality flake, is a prospective technology hailed as a “super-metal.” Potential 
uses include armor and other defense applications. Exploration for new sources of flake graphite 
is under way, mainly in Canada and the United States. In many applications (both amorphous 
and flake), synthetic graphite can be substituted for natural graphite. However, synthetic graphite 
is very expensive to produce, and the production process is very lengthy. 
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Helium 


Description 

Helium (He) is an inert gas that has the lowest melting and boiling point 
(liquid helium boils at -268.9‘“C/4.2 K/-452°F) of all elements. It is most 
commonly recovered from natural gas deposits. Helium-3 is a rare 
isotope of helium whose U.S. supply is managed by the Department of 
Energy (DoE) isotope program. This section refers only to helium. 

Applications 

Used for its inert and low-temperature boiling point properties (liquid 
helium is used as a cooling fluid) in cryogenics, superconducting magnets 
such as those in medical MRls, and for space applications. 

Impact during a 

National 

Emergency 

Defense 

Critical and non-substitutable in space applications, 
especially liquid helium. The low density and inertness of 
helium also make it ideal for flotation (balloons, defense 
aerostats, blimps, etc.) and as a purge gas for rocket 
motors. 

Essential 

Civilian 

Critical for research and medical applications. 

Shortfall 

Possible 

Long-term report currently being prepared for Congress. 

Supply Risk 

Single 

Domestic 

Point of 

Failure 

DoD and other federal users depend on the current U.S. 
stockpile, which is being rapidly drawn down. Reliable 
supply is particularly important for liquid helium. 

Current Actions 

Defense Logistics Agency Strategic Materials collaborates with key 
helium stakeholders within the National Aeronautics and Space 
Administration (NASA), DoE, Defense Logistics Agency Energy, the 
Bureau of Land Management, Office of the Secretary of Defense (OSD) 
Office of Manufacturing and Industrial Base Policy (MIBP), Air Force 
Space and Missile Center, DoD Missile Defense Agency (MDA). 

Recommended 

Action 

Support Bureau of Land Management in report for Congress. 


Supply Chain 

Helium can be extracted as a by-product of natural gas from certain natural gas fields that contain 
sufficient concentrations of helium. The extracted helium must undergo a series of steps to bring 
it up to the purity levels needed for most applications. Crude helium is an intermediate step, with 
concentration of between 50 percent and 70 percent helium. Purified helium is 99.95 percent 
pure or more and may be sold in gaseous or liquid form. The United States, Algeria, Qatar, and 
Australia all have production facilities that can extract helium from natural gas fields and process 
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it to high-purity gas and liquid. The United States also supplies helium from a helium storage 
reserve managed by the Bureau of Land Management through the Federal Helium Program. 

Recently, helium prices have increased sharply. More concerning, deliveries have in some cases 
been delayed, especially for small-volume users. Congress has asked the Bureau of Land 
Management to prepare a report on a federal agency acquisition strategy, which should describe a 
20 year federal strategy for securing access to helium. 


Below is a material flow diagram for helium prepared by ORNL on behalf of the NDS Program. 
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Hydrazine 


Description 

Hydrazine (N 2 H 4 ) is a clear, colorless liquid that produces high-temperature 
gases upon decomposition. 

Applications 

Used as a propellant for rocket propulsion. Also used in airbags and for 
pharmaceuticals and fungicides and herbicides in agriculture. 

Impact during 
a National 
Emergency 

Defense 

While other liquid propellants are used by DoD, hydrazine- 
based liquid propellants are routinely chosen for small rocket 
thrusters. 

Essential 

Civilian 

One domestic supplier and a number of foreign suppliers 
(France and China). 

Shortfall 

Possible 

Insufficient data available for modeling through the NDS 
Program sizing module. 

Supply Risks 

Single 

Domestic 

Producer 

There is 10 year supply contract in place between DoD and the 
sole U.S. domestic supplier of propellant hydrazine. 

Recommended 

Action 

Continue monitoring efforts. 
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Indium 


Description 

Indium (In) is a soft silvery-white metal that is mostly produced into indium 
tin oxide and then used for electrical conduction. Indium tin oxide is also 
highly transparent in the visual and IR spectrum. Indium is commonly 
recovered from zinc-sulfide ore. 

Applications 

Indium is commonly used in the production of LCD displays, LED light 
bulbs, fiber optics, solder, and alloys. Indium is also used in solar cells, 
nuclear control rods, and alkaline batteries. In defense applications, indium 
is used in IR imaging and communications systems. 

Impact during a 

National 

Emergency 

Defense 

Indium is used in IR imaging systems and in 
communications systems. 

Essential 

Civilian 

Commonly used for optical coatings in LCDs and in the 
production of LEDs. 

Shortfall 

No 

Per the 2015 NDS Program study, no shortfall determined. 

Supply Risk 

Foreign 

Reliance 

The United States does not mine indium; however, two 
domestic facilities have the capability to upgrade low-grade 
indium to high-purity forms. China dominates the world’s 
production of indium. Import reliance is listed in descending 
order: Canada, China, Japan, Belgium, and others. 

Current Action 

The NDS Program does not contain indium. 

Recommended 

Action 

Continue monitoring efforts. 


Supply Chain 

The US is fully dependent on imports of indium to satisfy demand. US indium sources are 
diverse and include Canada (24 percent), China (23 percent), Japan (13 percent), Belgium (11 
percent) and other countries (29 percent). Indium is typically imported in its desired form; 
however, two domestic facilities are capable of processing low-grade indium into a high-purity 
form. China has the largest estimated reserves of indium. 

Indium is typically produced as a by-product of processing lead-zinc concentrates. Major indium 
producers are located in Canada. According to the USGS 2012 Minerals Yearbook, Japan had 
the capacity to produce 200 metric tons/year of secondary indium. Indium can also be recycled 
and is most commonly recovered from indium tin oxide in China, Japan, and the Republic of 
Korea. Indium is stored and traded in China. As of 2014, indium inventories have been 
accumulating in exchange warehouses. 
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Estimated Demand 

Overall, U.S. demand for indium is slu^ish. The 5 year demand forecast predicts low to minimal 
growth, hovering around 100-1 10 metric tons (MT). In 2009-2013, U.S. consumption remained 
flat. U.S. demand is primarily driven by LCDs. Indium is used for electrical conductive purposes 
in flat panel displays, to produce solders, alloys, electrical components, and semiconductors, and 
for research purposes. U.S. imports of unwrought indium metal and indium powder decreased - 
25 percent in 201 1-2012 (146 metric tons to 109 metric tons). The price of indium fluctuated 
throughout the year but ended with a 6 percent decrease in price. 

Supply Forecast 

At this time, there is no evidence of constrained indium supplies. In 2012, global indium tin 
oxide production capacity increased by 7 percent; however, actual production did not appear to 
increase. At this time, there is no evidence of supply disruptions. In the past, though, the indium 
supply chain appeared to be vulnerable to supply disruption. As a result, indium tin oxide 
substitutes were developed. Antimony tin oxide coatings have been developed for LCD glass to 
replace indium tin oxide coatings. For solar cells, carbon nanotube coatings have been developed 
to replace the indium tin oxide. Gallium arsenide can be substituted for indium phosphide in 
many situations for solar cells and semiconductors. Indium in nuclear reactor control rod alloys 
may be replaced by hafnium. 
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Iridium 


Description 

Iridium (Ir) is very brittle silver-white metal. Iridium becomes very ductile 
and can be worked in white heat (2,200°F to 2,700°F). It is considered to be 
one of the most corrosive-resistant metals known. 

Applications 

The limited malleability of iridium, which makes it very difficult to machine, 
limits its applications. Iridium is primarily used as a hardening agent for 
platinum. Platinum-iridium alloys are used to make crucibles for growing 
high-purity sapphire single crystals for LEDs. Iridium is also used in other 
high-temperature equipment, in catalysts, spark plug tips, alloys, and 
electrical contacts. 

Impact during a 

National 

Emergency 

Defense 

Due to iridium’s unique properties, substitution may be 
challenging for applications such as long-life aircraft engines, 
deep-water pipes, satellites, a hydrazine-based propellant 
catalyst, satellite and launch vehicles, and rocket combustion 
chambers. 

Essential 

Civilian 

Catalysts are designed for reuse but often become deactivated 
over time. Iridium used in catalysts, spark plugs, and 
crucibles can be recycled but not necessarily as pure iridium 
metal. 

Shortfall 

No 

Per 2015 NDS Program Study. 

Supply Risk 

Foreign 

Reliance 

Largest known primary reserve and source of iridium is South 
Africa, with a few significant deposits located in Russia. 

Current Action 

The NDS Program contains 489 troy ounces ($458,000) of iridium. 

Recommended 

Action 

Continue monitoring efforts. 


Supply Chain 

Iridium is a silver-white platinum group metal that is very brittle and nearly impossible to 
machine. Iridium is mined with other platinum group metals (PGM) and can also be retrieved as 
a by-product from nickel and copper. 

The United States is highly reliant on worldwide iridium sources. Domestically, there are two 
mines in south central Montana that primarily produce platinum and palladium. The United 
States currently has an iridium stockpile in the NDS Program. 


Appendix 6-41 









271 


As of 201 1, U.S. iridium import sources included South Africa (64 percent), United Kingdom (19 
percent), Germany (8 percent), and other countries (9 percent). These iridium statistics do not 
separately identify the original source of the raw ore or special forms. Various countries such as 
Myanmar, Brazil, and England process PGMs from raw ore or recycled products but do not have 
mine iridium. 

Iridium is primarily mined in South Africa. The South African supply of iridium is subject to 
disruptions from worker strikes and disputes at various mining companies, and rivalry between 
two unions caused an increase in cost and higher metal prices. Russia and Canada both possess 
large nickel and copper deposits that contain significant amounts of iridium. The average annual 
prices for PGMs, including iridium, continued to decrease from 2012 to 2013 due to economic 
concerns. At this time, there is no evidence of constrained iridium supplies for the United States, 

Estimated Demand 

U.S. iridium demand is highly erratic. In 2012-2013, U.S. iridium imports for consumption 
increased +22 percent following large declines in 201 1-2012 (-56 percent) and 2010-201 1 (-21 
percent). 

The electrical end-use sector drives U.S. demand. In 2010, iridium prices increased +150 percent 
because of developments in the LED field. LED manufacturing uses iridium crucibles to produce 
crystals for backlit screens in consumer products. Prices stabilized in 2012-2013 as LED 
manufacturers sufficiently balanced their iridium crucible supply with production demand. 
Anecdotal evidence suggests future U.S. demand may decline in response to a decreased need for 
iridium crucibles. 

Worldwide, iridium demand increased approximately 3 percent in 2012-2013 (6,000 kg to 6,200 
kg). Global demand may be divided into four groups, three of which experienced increasing 
demand; chemical (5 percent), electrical (25 percent), and other (6 percent), while the 
electrochemical (16 percent) industry experienced a decrease. Iridium demand may decline in the 
future because of an expected decrease in demand from China. 

Supply Forecast 

Supply data of iridium is grouped with “other PGMs,” which also include rhodium, ruthenium, 
and osmium (all PGMs except platinum and palladium). In 201 1-2012, other PGM production 
declined by 7 percent. Other PGM data for 2013 is not yet available but is believed to have 
increased. The 5 year supply forecast for other PGM indicates worldwide production hovering 
between 65 and 72 MT. The United States is expected to remain dependent on foreign sources of 
iridium. 

South Africa supplies approximately 78 percent of the world’s iridium. In 2014, South Africa 
PGM production was disrupted because of a large-scale mining strike. Anecdotal evidence 
suggests the South Africa mining sector may experience some corporate restructuring and layoffs 
as a result of the 2014 strike. 
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Lead 


Description 

Lead (Pb) is a heavy metal with a low melting point. 

Applications 

Lead-acid batteries for automotive, lighting, and industrial applications for 
uninterruptible power supply equipment; solder; ammunition; cable 
sheeting; and shielding for X-ray machines. 

Impact during 
a National 
Emergency 

Defense 

Possible dislocation of high-purity lead supplies for thin-plate 
pure lead (TPPL) batteries used in aircraft and some navy 
vessels. High-purity lead supplies after 2014 are still not 
known to the NDS Programs. 

Essential 

Civilian 

None 

Shortfall 

No 

Per 2015 NDS Program Report. 

Supply Risk 

Single 

Domestic 

Point of 

Failure 

for 

Defense 

The United States mines primary lead at six locations in 
Missouri and also in Alaska and Idaho. The United States is 
a major supplier of secondary lead through a robust lead-acid 
battery recycling and import industry. Using USGS data 
(2014 Mineral Commodity Summary), the United States 
shipped an estimated 93.1 million lead-acid automotive 
batteries in the first 9 months of 2013, a slight increase from 
the same period in 2012. 

A domestic primary lead smelter that supplied the U.S. DoD 
was closed at the end of 201 3, in accordance with an 
agreement with the U.S. Environmental Protection Agency 
(EPA). After the closure, lead concentrate produced at U.S. 
mines may be exported for refining. 

Current and 

Recommended 

Action 

Action being undertaken by impacted agencies. 


Estimated Demand 

Citing data from the International Lead/Zinc Study Group (ILZSG), the USGS reported a world 
consumption of refined lead of 11.0 million metric tons in 2013, an increase of 5 percent from 
that in 2012. China is by far the largest user of lead worldwide with consumption totaling an 
estimated 5.0 million metric tons in 2013, representing approximately 45 percent of global usage. 
Reported consumption of refined lead in the United States totaled 1.4 million metric tons in 2013, 
up from 1.36 million metric tons in 2013. Other notable consuming countries include India, 
South Korea, Japan, and Brazil, with a combined usage that is about equal to that of the United 
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States. As mentioned previously, lead-acid batteries account for the overwhelming majority of 
lead usage globally and in the United States. Other end uses include solder, ammunition, and 
cable sheathing. 

Supply Forecast 

World lead mine production totaled 5.4 million metric tons in 2013, representing a 4.4 percent 
increase over 2012 levels. According to the USGS, mine production in China surged by 200,000 
metric tons in 2013 to an estimated total of 3.0 million metric tons, while mine production in 
Australia advanced by 42,000 metric tons because of the restart of a lead mine that produces 

85.000 metric tons per year. Meanwhile, lead mine production in the United States totaled 

340.000 and 345,000 metric tons in 2012 and 2013, respectively. World refined lead production 
increased by 5 percent in 201 3 to a total of 1 1 .0 million metric tons. On a global level, the split 
between primary and secondary refined lead is approximately 50:50 but slightly favors primary 
lead. Chinese refined lead production totaled approximately 5.2 million metric tons in 2013 as 
the startup of new smelters outpaced the closure of older capacity equipment. Because of its 
large reserves, primary lead comprises approximately 68 percent of Chinese refined lead 
production. This contrasts with the United States, where primary refined lead makes up only 9 
percent of all refined lead production. Australian mine and refined lead production is on the 
lower end of the scale despite the fact that 40 percent of world lead reserves are located in 
Australia. This seeming anomaly is borne out in Australia’s lead mine and refined production, 
which totaled just 690,000 metric tons and 232,000 metric tons, respectively, in 2013. 
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Lithium 


Description 

Lithium (Li) is a white-silver metal and is highly reactive and flammable. It 
is the lightest metal. 

Applications 

Lithium metal is used mainly in batteries (thermal, rechargeable, non- 
rechargeable), aluminum lithium alloys for aircraft structure, air purification 
for submarines, tires for ground vehicles, lubricants and grease, glass and 
ceramics, aluminum production, polymers, pharmaceutical and chemical 
industries. 

Impact during a 

National 

Emergency 

Defense 

Required for repairs of fighter jet structure, safety of soldiers 
(thermal batteries), batteries in electronics. Substitution 
limited and must be considered on individual basis: alternative 
battery technologies generally have lower power density, but 
composites are possible substitutes for aluminum lithium 
alloys. 

Essential 

Civilian 

Major concern is for portable consumer electronics, which 
almost all utilize lithium-ion batteries. 

Shortfall 

No 

Lithium metal and non-qualified lithium compounds are not in 
shortfall. Per 2015 NDS Program study. 

Supply Risk 

Limited 

Domestic production of lithium minerals is not sufficient to 
cover U.S. needs (import reliance > 70 percent in 2012). Key 
foreign producers are Chile and Australia. Recycling not 
currently a significant supply option. 

There is presently a global surplus in the production of 
lithium, although the actual surplus production of lithium 
carbonate could disrupt the market and force some producers 
to exit it. 

It is more profitable to produce lithium carbonate than the 
lithium chloride needed for metal production. Therefore, 
there is concern that an insufficient supply of lithium chloride 
would result and impact the availability of lithium metal. 

Recommended 

Action 

Continue monitoring efforts. Please refer to lithium-ion precursors and 
aluminum lithium alloy sections for details on the specific issues with this 
downstream supply of chain-material-containing lithium. 
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Supply Chain 

Globally, there are four major lithium producers, however a large number of junior companies are 
entering or trying to enter the market around the world, and many are from North America. Of 
these, eight projects by North America companies are at or above the stage of pilot plant, and 
three are in production. 

The world reserves are located mainly in Chile, China, Argentina, and Australia. The majority of 
the production originates from salars (~60 percent) located mainly in South America and hard 
rock deposits (~26 percent) prevailing in Australia, China, and Canada. 

The world production of lithium in 2012 was estimated to be -37,000 MT of lithium metal 
content. Estimates are often vary among sources of information due to the opacity of the market 
and the number of forms of lithium element that exist. The lithium market has expanded 
significantly each most years since 2001 and many experts forecast an increase around 7 percent 
to -9 percent over the next few years. 

There are reportedly eight major lithium metal producers in the world. The largest known 
producers are in China. In 2011, China exported -2,000 MT of lithium metal according to 
Roskill. 

The battery sector is an increasing market requiring pure lithium. The automobile sector is using 
the largest quantity per product. The number of automobiles using batteries is increasing 
although many studies agree that there is not a supply issue in the near or middle term; actually, 
there is presently a surplus of lithium concentrates production. The lithium industry is expanding 
its production capacities, and the juniors who are able to enter the market will provide additional 
materials. 

Recycling of lithium-containing batteries is an already established market, but in some processes, 
the lithium was not collected. New entrants are recycling lithium batteries to retrieve the lithium. 

Experts are forecasting that growth in the demand for the different lithium market sectors should 
be between 2 and 5 percent per year except for batteries (around 15 to 19 percent per year), and 
for the production of aluminum lithium alloy, a growth of -6 to 10 percent per year was 
announced. However, because of new processes used in the production of aluminum, the demand 
for lithium in that sector should decrease significantly or even disappear. 

Estimated Demand 

The global demand for lithium is difficult to establish because the market is opaque. In 20 1 1 , the 
distribution of lithium per sector was showing that the greatest use was in glass and ceramics 
(-30 percent), followed by batteries (-22 percent), and lubricants (~1 1 percent). Many other 
applications represented less than 4 percent each, with the production of lithium metal being 
evaluated around 4 percent. It is expected that the battery sector will surpass the glass industry 
within a couple years (201 5 forecast is 26 percent glass and 33 percent batteries) 

The increased use of aluminum lithium alloy in the structure of airplanes is going to increase the 
demand for lithium metal; however, one must keep in mind the low lithium content of that type of 
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alloy (~1,8 percent in the newest alloys). For example, in 2007, the lithium used for the alloy was 
~70 MT for about 5,000 MT of alloy. 

Supply Forecast 

All experts agree that there is no issue with the supply of lithium in general, but the situation of 
surplus does not apply to all forms of lithium. The higher commercial return for companies 
producing lithium carbonate rather than lithium chloride causes concern regarding a possible lack 
of available lithium chloride in the future. 
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Lithium-ion Precursors 


Description 

Lithium-ion precursors are materials used in the cathode of lithium-ion 
rechargeable batteries and include three materials; meso carbon micro beads 
(MCMB), lithium cobalt oxide (LCO) and lithium nickel cobalt aluminum 
oxide (LNCAO). 

Applications 

These materials are used in Space/Satellite communications, the Global 

Hawk, JSF/F-35, and space tracking and surveillance system. 

Impact during a 

National 

Emergency 

Defense 

DoD requires performance proven lithium batteries using 
these precursor materials. These platforms provide the 
military forces and intelligence needed to deter war and to 
protect the security of the United States. 

Essential 

Civilian 

None. Could substitute different battery types and 
qualification is not needed. 

Shortfall 

Yes 

Stockpile a supply of MCMB, LCO and LNCO to produce a 
one year supply by acquiring over five years. 

Supply Risk 

Domestic 

Single 

Point of 

Failure 

Title 111, Defense Production Act, helped establish a 
manufacturing facility located in Sylmar, California. This 
facility is the only global producer of MCMB, LCO and 
LNACO. Since components in NSS applications must be life 
cycle performance proven; substitutes cannot be readily 
applied unless they are pre-certified. 

Current Action 

Per FY 2014 NDAA, approval for stockpiling lithium-ion precursors was 
obtained and is ongoing. 


Supply Chain 

The United States is currently working down an exhaustible supply of MCMB, LCO and LNCAO 
obtained from Osaka Gas before they ceased production. The Defense Production Act Title HI 
established a domestic production capability. Reserve inventories of MCMB, LCO or LNCAO 
have not been produced to date. Surge production capabilities are untested, and there is one lone 
global producer and a single point of failure in this crucial supply chain. 
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Magnesium 


Description 

Magnesium (Mg) is a lightweight alkaline earth metal and the eighth most 
abundant element. Used in metal alloys and as a stand-alone metal. In 
nature, magnesium is needed for plants and nutrition. 

Applications 

Magnesium is a critical component in the production processes of titanium, 
uranium, and beryllium. It is also used as an alloy material in beverage 
cans, household appliances, and other consumer goods. In addition, 
magnesium is used as a structural lightweight material in the automotive 
and aerospace industries. Iron and steel desulfurization is another major 
application. 

Military applications include helicopter transmission housings, armor 
applications, broadcast and wireless communication equipment, radar 
equipment, torpedoes, anti-tank ammunition rounds, batteries, flare and 
ordnance applications, and IR and missile countermeasures. Magnesium is 
also an alloy component used for aircraft, vehicle engine casings, and 
missile construction. Some metal reduction is for military applications. 

Impact during a 

National 

Emergency 

Defense 

Moderate. Military needs would take priority over 
civilian uses. No defense shortfall is anticipated. 

Essential Civilian 

Moderate. Secondary supply and substitution could 
compensate in many applications. 

Shortfall 

Yes 

There is a net shortfall of 5,422 metric tons. 

Supply Risk 

Single Domestic 
Point of Failure 

Single U.S. producer of primary magnesium metal. 
Import reliance with top producers outside the 
continental United States (OCONUS) include: 

China 87 percent, Russia 4 percent, Israel 3 percent, 
and Kazakhstan 3 percent. 

Recommended 

Action 

Purchase up to 5,422 MT for stockpile, at a projected cost of up to $24.25 
million. 


Supply Chain 

Magnesium is found in the following minerals; dolomite, magnesite, brucite, camallite, talc, and 
olivine. It is also commonly obtained from seawater or well/lake brines. In the United States, the 
one pure magnesium metal producer uses an electrolytic process on Great Salt Lake brines. 
Principal import sources for magnesium metal are Israel (33 percent), Canada (25 percent), and 
China (8 percent). Following a World Trade Organi 2 ation complaint filed by the European 
Union, the United States and Mexico, China removed a 10 percent export tax on magnesium 
metal. 
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Domestically, primary magnesium is most commonly used as a reducing agent in the production 
of titanium and other metals. It is also consumed heavily as part of aluminum alloys that are used 
for packaging, such as beverage cans, and in transportation. In smaller quantities, magnesium is 
used for castings and wrought structural products and for desulfurization of iron and steel. The 
use of magnesium in automobile parts is expected to increase in order to help decrease vehicle 
weight and increase fuel efficiency. Magnesium use will likely increase along with titanium 
demand, as titanium production using the Kroll process uses liquid magnesium as a reducing 
agent. 

When necessary, aluminum and zinc can be substituted for magnesium in castings and wrought 
products. In the desulfurization of iron and steel, calcium carbide can be substituted. Secondary 
supply can be used as a substitute for primary supply in some applications. In 2013, 
approximately 25,000 tons and 55,000 tons of magnesium were recovered from old scrap and 
new scrap, respectively. Metal reduction is the application most vulnerable to supply disruptions. 
There is no substitute for magnesium in current titanium and beryllium production processes, 
where secondary magnesium cannot replace primary magnesium. 
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Manganese Ore 


Description 

Manganese (Mn) is the 12th most abundant element. Common ores, 
contain 20+ percent manganese: pyrolusite, braunite, and psilomelane. 

Applications 

Manganese ore is a precursor for electrolytic manganese metal and 
ferromanganese. It may also be directly used in steel-making, in primary 
aluminum production, in non-rechargeable batteries, fertilizers, animal feed, 
brick colorant, welding, and as an additive in unleaded gasoline. 

Impact during a 

National 

Emergency 

Defense 

Moderate. There is no direct substitute of manganese in the 
production of steel; however, substitution is possible in most 
other applications. 

Essential 

Civilian 

Moderate. There is no direct substitute of manganese in the 
production of steel; however, substitution is possible in most 
other applications. 

Shortfall 

No 

Per the 2015 NDS Program Study. 

Supply Risks 

Foreign 

Reliance 

No domestic production of ore with manganese content of 

35 percent or more. Complete foreign reliance on large 
producers. Gabon (60 percent) and South Africa (30 
percent) are the largest import sources for the United States. 

Current Action 

The NDS Program contains some excess manganese ore inventory. 

Recommended 

Action 

Continue to reduce excess inventory in the NDS Program. 


Supply Chain 

The United States has only one mine, which produces a small amount of very low grade 
manganiferous material with a manganese content of 5 percent; this material is mostly used in 
coloring brick. The leading countries in manganese production include South Africa (21 percent), 
Australia (20 percent), China (18 percent), Gabon (12 percent), and Brazil (8 percent). Burma, 
Mexico, Ukraine, and Malaysia are minor producers of manganese ore. 

Manganese ore consumption, both domestic and global, typically follows that of 
steel production, which has grown at a rate of 1 percent to 2 percent in last 5 years. Manganese 
consumption for non-metallurgical components, such as batteries, may be growing faster than that 
for steel production but only has a minor effect on overall manganese demand. No significant 
jump in the demand for manganese ore is seen in the near future. 

The United States relies 100 percent on imports for its apparent consumption of manganese ore. 
Land-based manganese ore resources are large but concentrated. South Africa and Ukraine 
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account for 75 percent and 10 percent, respectively, of the world’s manganese resources. Demand 
for the supply of manganese ore should be tracked fairly closely. 
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Manganese, Electrolytic Manganese Metal 


Description 

Electrolytic manganese metal (EMM) has a purity of more than 99 percent. 

It is produced using a hydrometallurgical process and is used for aluminum 
alloys, super alloys, and some steel alloys. 

Applications 

EMM is used in steel alloys, aluminum alloys, and super alloys. 

Impact during a 

Defense 

Significant. There is no direct substitute for manganese in 
the production of aluminum alloys and some types of steel 
alloys. 

Emergency 

Essential 

Civilian 

Significant. There is no direct substitute for manganese in 
the production of aluminum alloys and some types of steel 
alloys. 

Shortfall 

Yes 

There is a net shortfall of 1 ,480 short tons. 

Supply Risks 

Complete 

Foreign 

Reliance 

There is no domestic production of EMM. Over 95 percent 
of worldwide production occurs in China. South Africa is 
currently the only other producer. 

Current Action 

In-depth supply chain assessment is ongoing. 

Recommended 

Action 

Purchase up to 1,480 ST for NDS Program at a projected cost of up to 
$4 million. 


Supply Chain 

Electrolytic manganese metal is produced from manganese ore. Manganese ore is widely 
available. However EMM is produced almost exclusively in China (98 percent). The United 
States relies completely on imports, having no domestic suppliers. A few new projects under 
construction in Europe, Asia, and Africa are slated to come online in the 2015-2017 time frame. 
Should all of these projects begin operation, China’s share of world capacity would fall to 94 
percent. Recycling of EMM is scant. There are potential substitutes for only some applications. 
Domestic production capacity for electrolytic manganese dioxide (EMD) could potentially be 
quickly reconfigured to produce EMM; EMD is used in lithium ion and other types of batteries. 
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Manganese, Ferromanganese and Silicomanganese 


Description 

Manganese (Mn) is the 12th most abundant element. Common ores, with 

20+ oercent manganese content, are ovrolusite. braunite. and osilomelane. 

Ferromanganese and silicomanganese are alloys with 30 to 80 percent 
manganese. Ferromanganese is produced by heating iron oxide and 
manganese oxide in the presence of carbon. Silicomanganese is produced 
in a similar way but with the addition of silicon dioxide. 

Applications 

Ferromanganese and silicomanganese are essential components in the steel 
manufacturing process. 

Impact during a 

National 

Emergency 

Defense 

Moderate. There is no direct substitute of manganese in the 
production of steel. 

Essential 

Civilian 

Moderate. There is no direct substitute of manganese in the 
production of steel. 

Shortfall 

No 

Per 20 1 5 NDS Program report. 

Supply Risks 

Foreign 

Reliance 

Domestic production exists; however, the majority of U.S. 
demand is met by imports. China is the world’s largest 
producer (55 percent), but supplies are available from 
numerous countries. South Africa provides somewhat more 
than half of U.S. imports. Other sources include Australia, 
Mexico, Ukraine, and Norway. 

Current Action 

The amount of ferromanganese in the NDS Program is 369,000 ST, 

Recommended 

Action 

Continue with disposal of excess ferromanganese from the stockpile. 


Supply Chain 

Ferromanganese, silicomanganese, or ferrosilicomanganese are produced domestically by two 
companies. Manganese consumption, both domestic and global, typically follows that of steel 
production, which has grown at a rate of 1 percent to 2 percent in last 5 years. No significant 
jump in the demand for manganese is seen in the near future. 
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Natural Rubber 


Description 

Natural rubber is harvested mainly from the Hevea brasiliensis tree in the 
form of latex - a sticky.-milky colloid drawn off the tree by making an 
incision into the bark and collecting the fluid. While indigenous to the 
Amazon, over 90 percent of natural rubber is now produced in Southeast 

Asia due to the favorable climatic conditions required for rubber tree growth. 
After tree tapping, forming, and drying, natural rubber sheets are smoked and 
packed into bales for shipping to world markets. 

Applications 

Tires account for 70 percent of natural rubber demand. Other applications 
include industrial hoses and gaskets, dental/medical supplies, sporting goods, 
toys, shoes and apparel. Defense applications include tires, firearms training, 
readiness training, sonar buoys, explosives, and compression bandages. 

Impact during a 

National 

Emergency 

Defense 

Tires, medical products 

Essential 

Civilian 

Tires, medical products 

Shortfall 

No 

Per the 2015 NDS Program Study. 

Supply Risk 

Complete 

Foreign 

Reliance 

Foreign reliance on Thailand and Indonesia, which account 
for a combined 58 percent of global production. The United 
States does not produce natural rubber. 

Recommended 

Action 

Prepare a supply-chain analysis to confirm whether sufficient capacity exists 
in the synthetic rubber market to serve as a substitute for natural rubber. It is 
proposed that the analysis would focus on the Department’s requirement for 
tires since this comprises two-thirds of global natural rubber consumption. 


Estimated Demand 

World consumption of natural rubber totaled approximately 11.4 million metric tons in 2013, 
rising 2.9 percent from the previous year’s level. Usage in Asia/Oceania led the way with 
consumption totaling nearly 8.3 million metric tons or 72 percent of the total. Consumption of 
natural rubber within China totaled approximately 3.8 million metric tons, accounting for 45 
percent of the usage in Asia/Oceania. Consumption in the European Union totaled about 1.1 
million metric tons in 2013, which was about the same as that for 2012. Consumption statistics 
for North America, Latin America, and Africa were discontinued after 2012 and are not available 
for 2013. However, annual consumption in these three regions averaged 985,000 metric tons, 
550,000 metric tons, and 90,000 metric tons, respectively, over the years 2008-2012. 
Consumption of natural rubber in China is expected to reach 6.5 million metric tons by 2020, 
accounting for 41 percent of world natural rubber consumption in that year. India is also 
expected to see strong growth in the use of rubber, with consumption forecast to grow from 
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960,000 metric tons in 201 1 to 1.65 million metric tons in 2020. Growth in each country’s auto 
and truck sector is expected to drive the majority of this growth. As mentioned previously, tires 
represent approximately 70 percent of all natural rubber consumption, with the balance consumed 
in the general rubber goods (GRG) segment. 

Supply Forecast 

Production of natural rubber totaled 12.04 million metric tons in 2012, representing a 3.8 percent 
increase from the 2012 level. Production is concentrated in Southeast Asia, specifically in 
Thailand, Indonesia, Vietnam, Malaysia, and India which together account for 80 percent of 
global production. Thailand is the world’s largest producer of natural rubber, with its output 
totaling nearly 3.5 million metric tons in 2012 for a 31 percent share of global output. This was 
followed by Indonesia at 3.015 million metric tons for a 27 percent share, and then by Vietnam, 
Malaysia, and India, each of which accounted for 8 percent of global output. 

Over the past 50 years, global production of natural rubber has increased from 2 million metric 
tons in 1961 to nearly 12 million metric tons as of 2012 -a six-fold increase. The production and 
usage of rubber during this time has largely followed the development of the automobile and 
industrial production. From 2000-20 1 2, growth in output accelerated (with the exception of 2009 
when demand contracted in the wake of the global financial crisis) because of the rapid 
industrialization of China and growth of the country’s auto and truck industries. As mentioned 
previously, China and India will require an additional combined 2.5 million metric tons of natural 
rubber by 2020, necessitating additional investments in natural rubber production and/or increases 
in productivity and recycling. Likely candidates for expansion include Vietnam, Malaysia, and 
India. 

However, investment in new supply is not likely to occur in the near term as the industry attempts 
to overcome a market surplus and depressed prices. According to the International Rubber Study 
Group (IRSG), the surplus in the natural rubber industry totaled 644,000 metric tons in 2013 and 
is expected to total about 430,000 metric tons in 2014. If 2014 is another surplus year, this will 
mark the fourth straight year of surpluses in the natural rubber market. The world’s largest 
producer, Thailand, is said to be sitting on a stockpile of 220,000 metric tons, representing 1.5 
percent of global annual output. There had been talk among the Thai Junta Team to release these 
stockpiles as a way of shedding the surplus production. However, such a move would depress 
prices, which are down by over 26 percent already this year according to the Association of 
Natural Rubber Producing Countries. 


Appendix 6-56 



286 


Nickel 


Description 

Nickel (Ni) is a silvery-white, lustrous metal that is hard, malleable, and 
ductile. 

Applications 

Turbines blades for land-based turbines, jet aircraft engines, and large-scale 
power generation. Liquid gas storage, high-speed steels, maraging steels 
(iron nickel alloys), permanent magnets (Alnico), nickel-titanium memory 
alloys (eyeglass frames), batteries (nickel cadmium (NiCd), nickel metal 
hydride (NiMH), reforming hydrocarbons, production of fertilizers, 
pesticides, and fungicides. 

Impact during a 

National 

Emergency 

Defense 

Major component in nickel superalloys for high-temperature 
sections of jet engines, maraging steel (aerospace and military 
use). Substitution challenging for defense, but recycled 
supplies can be used. 

Essential 

Civilian 

Nickel superalloys used to improve efficiency of large-scale 
power generation, corrosion-resistant alloys for petroleum 
production and refining, and batteries. Substitution possible in 
most applications. 

Shortfall 

No 

Per 2015 NDS Program study. 

Supply Risks 

Limited 

Foreign 

Reliance 

Single domestic mine starting production in 2014 with 
remaining U.S. production through recycling, satisfying 43 
percent of apparent consumption. U.S. imports from Canada, 
Russia, Australia, and Norway. 

Recommended 

Action 

Continue monitoring efforts. 


Supply Chain 

Nickel is a silvery-white, lustrous metal that is hard, malleable, and ductile. On Earth’s crust, 
nickel averages 80 ppm and is greatly concentrated in the ore. Nickel occurs in nature principally 
as oxides, sulfides, and silicates. Native nickel is always found in combination with iron. 

The United States imports nickel from Canada (36 percent), Russia (17 percent), Australia (11 
percent), and Norway (10 percent). The United States did not have any active nickel mines in 
201 1. An underground chalcopyrite-pentlandite mine, however, was being developed in Michigan 
and was scheduled to be in full production by 2014. Three mining projects were also in various 
stages of development in northeastern Minnesota. About 95,000 tons of nickel was recovered 
from purchased scrap in 2012, which represented about 43 percent of secondary plus apparent 
primary consumption. 


Appendix 6-57 






287 


To offset high and fluctuating nickel prices, low-nickel, duplex, or ultrahigh-chromium stainless 
steels are being substituted for austenitic grades in construction. Nickel-free specialty steels are 
sometimes used in place of stainless steel in the power-generating and petrochemical industries. 
Titanium alloys can substitute for nickel metal or nickel-based alloys in corrosive chemical 
environments. Cost savings in manufacturing lithium-ion batteries allow them to compete against 
NiMH in certain applications. 

Estimated Demand 

Approximately 48 percent of the primary nickel consumed went into stainless and alloy steel 
production, 39 percent into nonferrous alloys and superalloys, 10 percent into electroplating, and 
3 percent into other uses. End users of nickel were as follows: transportation, 30 percent; 
fabricated metal products, 14 percent; electrical equipment, 12 percent; petroleum industry, 10 
percent; chemical industry, construction, household appliances, and industrial machinery, 8 
percent each; and other, 2 percent. Demand for nickel in the transportation sector is also expected 
to increase. North American usage of nickel- and cobalt-base superaJloys was expected to 
escalate between 2013 and 2020, largely because of an increasing demand for new jet aircraft that 
have more-fuel-efficient engines. 

Global demand for electricity continues to increase and is accelerating as the population of the 
world increases. To meet demand, utilities will need to build more generating capacity, 
irrespective of whether the plants operate on fossil fuels, renewable energy (geothermal, solar, or 
wind), or nuclear fuels. All of this capacity would require large tonnages of nickel-bearing 
stainless steel and superalloys. Significantly higher gasoline prices could encourage the 
replacement of conventional automobile steel frames with lighter ones fabricated from stronger 
stainless steel containing nickel. 

Supply Forecast 

The 2014 USGS Mineral Commodity Summary estimates global mining production of nickel to 
increase in 2013 from 2012. Philippines and Indonesia have the largest nickel mine production 
and account for 15 percent of the world’s production. The United States is expected to be 
dependent on foreign sources of refined metal and ferronickel for at least the next 25 years, even 
if all four of the current copper-nickel mining projects in the Lake Superior region come to 
fruition. The ongoing expansion of nickel laterite mining operations in Brazil, Indonesia, New 
Caledonia, and other tropical countries will help meet the increasing demand for nickel 
worldwide. 
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Niobium: Metal and Ferroniobium (Formerly Columbium) 


Description 

Niobium (Nb) is a ductile paramagnetic metal that is also corrosion 
resistant and exhibits superconductivity properties. Ferroniobium contains 
60 to 70 percent niobium, and the rest is mostly iron. 

Applications 

Alloying element for steel, stainless steels, superalloys, tool bits, surgical 
implants, and superconducting magnets. Superalloys are used in air 
transport, gas turbines, heat-resistant combustion equipment, tool bits and 
cutting tools, nuclear industries, surgical implants, superconducting 
magnets. 

Impact during a 

National 

Emergency 

Defense 

Used in superalloys for turbine engines, rocket sub- 
assemblies, memory metal for hydraulic couplings. 

Essential 

Civilian 

Other materials may be substituted for niobium, such as 
molybdenum, tantalum, and ceramics, in most applications 
but with a possible loss in performance or increase in cost. 

Shortfall 

Yes 

Per 2011 NDS Program Report. 

Supply Risk 

Complete 

Foreign 

Reliance 

No domestic mine production with imports mostly from 
Brazil (84 percent) and Canada (10 percent). One company 
dominates the global niobium market 

Current 

Action 

The NDS Program contains approximately 10 metric tons of niobium metal 
ingots. 

Recommended 

Action 

Continue with purchase of ferroniobium as approved in the FY 2014 

NDAA. 


Supply Chain 

Niobium is a lustrous, grey, ductile, paramagnetic metal. In elemental form, the melting point of 
niobium is 2,468°C. Compared to other refractory metals like tantalum and tungsten, niobium 
has a low density. Niobium is estimated to make up about 8 ppm of the Earth's crust by weight. 
Niobium is often found in minerals that also contain tantalum, such as columbite and colurabite- 
tantalite. Less common oxides of niobium are tapiolite, ixiolite, and minerals of the pervoskite 
group. 

Brazil is the leading producer of niobium and ferroniobium, an alloy of niobium and iron. Brazil 
provides 84 percent of U.S. imports of niobium, with the rest coming from Canada (12 percent) 
and Germany (2 percent). The United States has approximately 150,000 tons of niobium 
resources in identified deposits, all of which were considered not to be economical at 2012 prices 
for niobium. The amount of niobium recycled is not available, but it may be as much as 20 
percent of apparent consumption. 
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Other materials can substitute for niobium, but higher costs or loss in performance may result. 
The list of substitutes is as follows. 

• Molybdenum and vanadium, as alloying elements in high-strength, low-alloy steels 

• Tantalum and titanium, as alloying elements in stainless and high-strength steels 

• Ceramics, molybdenum, tantalum, and tungsten in high-temperature applications 


Estimated Demand 

Companies in the United States produced niobium-containing materials from imported niobium 
minerals, oxides, and ferroniobium. Niobium was consumed mostly in the form of ferroniobium 
by the steel industry and as niobium alloys and metal by the aerospace industry. Major end-use 
distribution of reported niobium consumption is as follows: steels, 79 percent, and superalloys, 21 
percent. In 2012, the estimated value of niobium consumption was $487 million and was 
expected to be about $500 million in 201 3 based on imports. 

Supply Forecast 

2014 uses Minerals and Commodity Summary estimates the import dependence to be the same 
in 2013 as in 2012, where Brazil is the leading niobium supplier. U.S. niobium apparent 
consumption (measured in contained niobium) in 2012 was 9,160 metric tons, 12 percent more 
than that of 201 1 . World resources of niobium are more than adequate to supply projected needs. 
Most of the world’s identified resources of niobium occur mainly as pyrochlore in carbonatite 
(igneous rocks that contain more than 50 percent by volume carbonate minerals) deposits and are 
outside the United States. 
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Nitrocellulose 


Description 

Highly flammable, white, granular polyester resin. Propellant-grade 
nitrocellulose (NC), used by DoD, has a nitrogen content greater than 12.2 
percent. Industrial grade has 10.8 percent to 12.2 percent nitrogen. 

Applications 

Propellant grade is used in larger artillery as well as small- and medium- 
caliber weapons for military, civilian (sport and hunting), and law 
enforcement purposes. Industrial grade used in wood coatings, inks, and 
adhesives. 

Impact during a 

National 

Emergency 

Defense 

This smokeless propellant has no substitutes for use in 
ammunition for handheld weapons used by military personal 
and a variety of larger artillery weapons. 

Essential 

Civilian 

No domestic supply of industrial-grade NC. 

Shortfall 

Possible 

Insufficient data available for modeling through the NDS 
Program sizing module. 

Supply Risks 

Single 

Domestic 

Producer 

Only one production facility in North America. The sole 
producer also has the only acid contractor facility that can 
produce the nitric and sulfuric acid grades required for NC 
production. 

Current and 

Recommended 

Action 

Continue close monitoring and collaboration within DoD. 
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Nitrogen Tetroxide 


Description 

Nitrogen tetroxide (N2O4) is a powerful oxidizer used in liquid 
bipropeliants. It is also known as NTO, dinitrogen tetroxide, and nitrogen 
peroxide with the propellant grade commonly referred to as a mixed oxide 
of nitrogen (MON). 

Applications 

Nitrogen tetroxide can be used for powerful nitrification reactions in the 
pharmaceutical and chemical industries. Its primary use is in space 
exploration vehicles and defense applications. 

Impact during a 

National 

Emergency 

Defense 

Many defense applications now use substitutes for nitrogen 
tetroxide, but those that still use it tend to be space 
applications where substitution is difficult due to lack of 
oxygen in space. 

Essential 

Civilian 

Used for commercial satellites but otherwise generally 
substitutable. 

Shortfall 

Possible 

Insufficient data available for modeling through the NDS 
Program sizing module. 

Supply Risks 

Single 

Domestic 

Producer 

One domestic producer has a contract to supply N 204 for the 
DoD and the commercial satellite industry. 

Recommended 

Action 

Continue monitoring efforts and collaboration within DoD. 
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Palladium 


Description 

Palladium (Pd) is a rare, silvery-white metal belonging to a class of metals 
known as the platinum group metals (PGMs). It is a good catalyst and has a 
unique ability to absorb hydrogen at up to 900 times its own volume 

Applications 

Key applications: automotive catalysts, circuit boards for the electrical 
sector, chemicals, dental, and jewelry. 

Impact during a 

National 

Emergency 

Defense 

Known uses include circuit boards; brazing and soldering in 
aerospace applications. Limited quantitative information. 

Essential 

Civilian 

Mainly limited to the automotive industry which is the 
biggest palladium demand sector. Substitution and recycling 
may be practiced by industry in case of national emergency. 

Shortfall 

No 

Per 2015 NDS Program Report. 

Supply Risk 

Limited 

Foreign 

Reliance 

The United States has two operational mines in Montana. 
Russia is world’s largest supplier of palladium, accounting 
for 40 percent of global supply and presents possible supply 
risk due to sanctions stemming from the annexation of 

Crimea in March 2014 and continued support for pro-Russian 
separatists in Ukraine. South Africa is also a large producer 
and presents supply risk due to a protracted labor strike and 
high costs. 

Recommended 

Actions 

Continue monitoring efforts. 


Estimated Demand 

According to PGM refiner Johnson Matthey, gross palladium demand (before recycling) totaled 
9.63 million ounces in 2013, marking a slight slowdown from 2012 levels. Despite the drop in 
total palladium usage, demand in the automobile sector increased from 6.705 million ounces in 
2012 to 6.97 million ounces in 2013 because of strong production of gasoline-based vehicles in 
the United States and China. Other than the investment segment, which saw a dramatic drop 
from an inflow of 475,000 ounces in 2012 to just 75,000 ounces in 2013, the remaining 
applications were basically flat to down from 2012 to 2013. Recycling is a big factor in the 
palladium market. In 2013, a total of 2,46 million ounces were recovered from the waste stream 
including 1 .86 million ounces from spent autocatalysts, 420,000 ounces from the electrical sector, 
and 1 80,000 ounces from the jewelry segment. Subtracting recycling from gross demand, net 
demand for palladium totaled 7,17 million ounces in 2013, down from 7.68 million ounces in 
2012. 
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Industry stakeholders and financial analysts are bullish on palladium in 2014 because of 
continued strong growth in the gasoline-based auto segment and strong investment inflows from 
the newly issued ETF (electronically traded fund) from Absa Capital, a unit of Barclays. HSBC 
Securities, for example, forecasts net palladium demand to total 7.55 million ounces in 2014, 
attributed, in part, to Absa’s planned acquisition of 150,000 ounces of the metal to start its ETF. 

Supply Forecast 

World palladium supply totaled 6.43 million ounces in 2013, representing a decline of 100,000 
ounces from the 2012 figure. As mentioned above, Russia is the world’s largest producer of 
palladium. Russian palladium production comes from primary production and sales from the 
country’s stockpile. In 2010, Russia’s stockpile sales topped an estimated 1 million ounces 
(actual figures are a state secret). Russia’s primary palladium production averages about 2.7 
million ounces annually. South Africa is the world’s second largest supplier of palladium with 
production totaling 2.35 million ounces in 2013, down from a 2012 peak of 2.64 million ounces. 
Production of PGMs in South Africa has been negatively affected by the labor strike that began in 
January 2014 over minimum wages and other conditions. As a result, palladium losses totaled 
125,000 ounces in the first 2 months of 2014. 

With the strike ending in June, world palladium production is expected to total about 6.5 million 
ounces this year. Stillwater Mining expects to produce approximately 525,000 ounces of 
platinum and palladium (combined) in 2014 following the expansion of the company’s two mines 
in Montana. Russian palladium production is not expected to be widely affected in the medium 
term (though there might be short-term disruption) since Russia can always divert sales to China 
where palladium demand is expected to grow strongly. Russia already accounts for 30 percent of 
China’s palladium imports. 


Appendix 6-64 



294 


Platinum 


Description 

Platinum (Pt) is a dense, malleable, ductile, highly unreactive, precious, 
gray-white transition metal belonging to a class of metals known as the 
platinum group metals (PGMs). The metal has excellent corrosion 
resistance, is stable at high temperatures, and has stable electrical 
properties. It does not oxidize at any temperature, although it is corroded 
by halogens, cyanides, sulfur, and caustic alkalis. 

Applications 

Automotive catalysts (~40 percent of demand), chemical industry, 
electrical, glass production, jewelry, petroleum refining, and medical. 

Defense applications include aircraft turbine blades and coatings and engine 
seals and gaskets. 

Impact during a 

National 

Emergency 

Defense 

None known. 

Essential 

Civilian 

Likely limited to automotive and petroleum refining sectors, 
which would be somewhat offset by extensive recycling. 

Shortfall 

No 

Per 20 1 5 NDS Program Report. 

Supply Risk 

Moderate 

South Africa accounts for over 70 percent of global 
platinum production. Political, infrastructural, and labor 
issues have threatened its supply in recent years. A 5 month 
labor strike in South Africa in 2014 curtailed production at 
the country’s three largest producers. North America 
produced 315,000 troy ounces of platinum in 2013. 

Current Actions 

The Defense Logistics Agency Strategic Materials is in the process of 
disposing of its 8,380 troy ounces of platinum. 

Recommended 

Actions 

Continue monitoring efforts. 


Estimated Demand 

Global gross (before recycling) demand for platinum totaled 8.42 million troy ounces in 2013, up 
from 8,030 million troy ounces in 2012. Autocatalysts and jewelry accounted for the majority of 
usage at 3.125 million troy ounces and 2.740 million troy ounces, respectively, in 2013. A 
rebound in the industrial sector (chemical, electrical, and glass), strong investment demand, and 
stable global auto sales drove growth in platinum demand in 2013. While consumption in the 
jewelry segment was down slightly from 2012 levels, it remained elevated compared to the 2010 
trough when platinum consumption in this end use totaled 2.42 million troy ounces. An 
estimated 2.075 million troy ounces of platinum was recycled in 2013, the majority of which 
came from recycled autocatalysts and jewelry. This reduced gross demand to 6.345 million troy 
ounces, which implied an inventory reduction of 605,000 troy ounces. According to the USGS, 
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U.S. platinum consumption totaled approximately 33,000 kilograms in 2013, which was 
equivalent to 1 .06 million troy ounces. Defense demand for platinum is currently unknown. 

Supply Forecast 

Global platinum supply totaled 5.74 million troy ounces in 2013, up from 5.65 million troy 
ounces in 2012. Production in South Africa, at 4.12 million troy ounces, totaled 71 percent of 
global output in 2013. Russia was a distant second at 780,000 troy ounces, while Zimbabwe 
came in third at 400,000 ounces. As mentioned previously, North America produced 315,000 
troy ounces of platinum in 2013 at a mine in Montana and at several locations throughout 
Ontario. 

Global platinum supply is expected to advance slowly over the next several years. High costs, 
labor strikes, and political unrest are expected to translate into mine closures in the South African 
industry. This will be partially offset by growth in North America, Russia, and Zimbabwe. 
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Polypropylene Fiber 


Description 

Engineered coextruded woven polypropylene fiber. 

Applications 

Vehicle C-kit armor plating, luggage, sporting equipment, automotive 
racing. 

Impact during a 

National 

Emergency 

Defense 

May be used in future for vehicle armor 
applications. 

Essential Civilian 

None. 

Shortfall 

No 

Per the 2015 NDS Program Study. 

Supply Risks 

Foreign Reliance 
and Domestic 

Single Point 
of Failure 

One type of this fiber is being evaluated for future 
defense applications. All production is from one 
domestic firm, and raw material supplier is foreign. 
No current domestic suppliers for polypropylene 
tape (a precursor). 

Recommended 

Action 

Monitor to see if this material is used in future contracts for vehicle armor. 
This material was added to the Watch List as a result of an Army Research 
Laboratory request. 


Supply Chain 

This polypropylene fiber is a coextruded, woven polypropylene fiber made by a single U.S. 
manufacturer. Civilian applications include aerosplitters for NASCAR, a line of impact-resistant 
luggage made by a U.S. firm, certain protective gear for athletic use, and a line of high-end 
domestically manufactured canoes. Cut into thicker sheets, it can be used for ballistic armor 
applications. It may be considered by DoD for use in future ground vehicles. Intact 
polypropylene fiber has the capability to be melted back down to a resin for recycling, though no 
known efforts to do so exist. Ultra high molecular weight polyethylene (UHMWPE) fibers can 
be used as a substitute for ground vehicle armor applications; however, it is more expensive. 
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Quartz Crystal, Synthetic 


Description 

Cultured or synthetic quartz is a manufactured single-crystal quartz 
produced by a hydrothermal process and is used for its unique piezoelectric 
properties. 

Applications 

Crystal oscillators within watches and clocks, signal stabilization with radio 
transmitters and receivers, sensor material in extremely sensitive scales, and 
in Global Positioning Systems (GPS). 

Impact during a 

National 

Emergency 

Defense 

Military radios, electronic warfare, guidance systems, radar, 
navigation (GPS). 

Essential 

Civilian 

Radio communication, aviation electronics, computer- 
controlled industrial equipment. 

Shortfall 

No 

Per 2015 NDS Program report. 

Supply Risk 

Foreign 

Reliance, 

Single 

Point 

Cultured quartz is not domestically manufactured and is 
primarily produced in Asia. In addition, not all of the feed 
materials required to manufacture quartz are domestically 
available. 

Recommended 

Action 

Continue monitoring efforts. 


Supply Chain 

Quartz is one of the most abundant minerals in the earth’s crust. It occurs as sand, in various 
composite minerals, and as a single crystal. In single-crystal form, quartz is a piezoelectric 
material. Naturally occurring single-crystal quartz has been mined throughout the world as gem 
stones, and certain low-defect crystals (electronic grade) could be cut and precision ground into 
plates for use in electronics. Due to the high cost of natural electronics-grade quartz, cultured 
quartz manufacturing was developed in the 1960s. Cultured quartz was produced by several 
companies domestically. However, economic conditions transitioned manufacturing to Asia. 
Currently, the United States is fully dependent on imports of cultured quartz. Domestic capacity 
still exists but would require significant refurbishment to restart commercial-level production. 

Estimated Demand 

Cultured quartz’s unique piezoelectric properties make it valuable in the production of extremely 
sensitive mass sensors and crystal oscillators used in defense radar and guidance systems, 
consumer electronics, and watches. According to the Mineral Commodities Summaries 2014, 
published by the United States Geological Survey (USGS), demand for cultured quartz is forecast 
to grow in line with the demand for consumer and defense electronics. 
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Supply Forecast 

Cultured quartz is produced primarily in Asia and directly supports electronics manufacturing. 
The manufacturing capability to produce cultured quartz is anticipated to be sufficient to satisfy 
future demand. The global availability of the cultured quartz feedstock materials (i.e., lascas) and 
hydrofluoric acid required to produce cultured quartz is anticipated to be sufficient. 
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Rare Earth Elements 

Please see Rare Earths Section at end of Appendix 6a. 
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Rhenium 


Description 

Rhenium (Re) is a very rare metal that is also one of the densest elements. 

It generally occurs with molybdenum ores. Common forms include metal 
and alloys, ammonium perrhenate, and catalyst pellets. 

Applications 

Used in high-temperature alloys including superalloys used in air transport 
and land power generation turbine engines; catalysts in petroleum 
refineries; filament wire in vacuum electronics and analytical instruments 
and thermocouples. 

Impact during a 

National 

Emergency 

Defense 

Certain defense applications cannot use substitutes 
for rhenium and are dependent on a reliable supply. 

Essential Civilian 

The United States is the world’s primary builder of 
turbine engines and is therefore strongly dependent 
on the rhenium supply. Limited substitution, 
recycling, and increased efficiency of use may help 
in a national emergency. 

Shortfall 

No 

Per 2015 NDS Program report. 

Supply Risk 

Small Unstable 
Market/Foreign 
Dominator 

The small quantities used can lead to single points of 
failure all along the supply chain. Limited domestic 
production (mainly catalysis) with high foreign 
reliance (Chile, Kazakhstan, Poland). 

Current 

Actions 

Title 111 is providing support for tungsten-rhenium wire production for 
defense electronics. The Defense Logistics Agency Strategic Materials is 
working with Title 111. 

Recommended 

Actions 

Continue monitoring efforts. 


Supply Chain 

Rhenium is one of the rarest elements in the Earth’s crust. It has the third highest melting point 
of any metal and is one of the densest elements. It is used, in small quantities, to improve the 
high-temperature characteristics of nickel, tungsten, and other alloys. It is used as a refractory in 
crucibles and similar applications. Rhenium is also used in catalysts used for petroleum refining. 
Rhenium is not mined as concentrated ore but is recovered as a by-product of molybdenum 
roasting. Molybdenum itself is mined as a by-product of copper mining. Chile is the world’s 
largest rhenium producer, with large copper and molybdenum deposits. One domestic company 
recovers rhenium; the product is used primarily for catalysts. Rhenium is also produced in 
Kazakhstan, Uzbekistan, and recently, in Poland. Rhenium is often traded as ammonium 
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perrhenate, which can be used in catalysts or can be oxidized to produce metal pellets or similar 
forms. 

Several specialty firms and the major aircraft engine producers add rhenium products into 
superalloys used in turbine engines. A number of processors recover rhenium from scrap 
superalloys; rhenium is also reused through direct recycling of superalloy parts. Smaller amounts 
of rhenium are used in tungsten-rhenium wire for a variety of high-temperature electric filament 
applications, including radar and electronic warfare systems. The high cost of rhenium 
discourages its use, and efforts are under way to find alternatives for certain applications. The 
limited market for rhenium makes it susceptible to disruptions within the supply chain. 

Estimated Demand 

Most rhenium is consumed in turbine engine superalloys and in petroleum-refining catalysts. The 
aircraft and petroleum industries are stable or slowly growing industries. The number of natural 
gas turbine engines used to produce electricity is growing. The 2013 USGS Commodity 
Summary estimated apparent consumption of rhenium in 2012 as 44,000 kg. Of this, 70 percent is 
likely used in superalloys and 20 percent in catalyst applications. 

Supply Forecast 

The cost and scarcity of rhenium encourage its recycling, and the secondary market is robust. 
Chile continues to roast molybdenum ore from various locations. Production in Kazakhstan has 
fallen, roughly at the same time as a facility began operation in Poland. The 2013 USGS 
Commodity Summary estimated imported rhenium for consumption in 2012 as 34,000 kg, with 
89 percent of metal forms from Chile and 29 percent of ammonium perrhenate from Kazakhstan. 
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S-glass 


Description 

S-glass is a cost-effective composite glass fiber that offers high tensile and 
compressive strength, high-teraperature resistance, and improved impact 
resistance. S-glass fiber has occasionally been combined with ballistic 
fibers when structural properties such as durability or limited back face 
deformation during impact are important. 

Applications 

Defense - body armor, hard composite armor for vehicles and naval 
vessels. 

Commercial - Aircraft cargo liners, cockpit door armor, flooring, fuel 
tanks, and structural parts; helicopter blades; construction materials; 
automotive mufflers and timing belts; printed circuit boards; electrical 
insulation; safety fabrics; pressure vessels; stove insulation; sporting 
equipment. 

Impact during a 

National 

Emergency 

Defense 

A shortage of supply would impact the supply of defense 
articles for major DoD vehicle programs and naval ship 
programs. Heavier-weight or high-cost materials could be 
used in place of S-glass. 

Essential 

Civilian 

Limited; substitute materials could be used for fiberglass. 

Shortfall 

No 

Per the 2015 NDS Program Study. 

Supply Risks 

Demand 

Surge 

A sudden increase in demand during a national emergency 
could cause a supply shortage, as seen during past conflicts. 
Lesser performing substitute materials have been used in the 
past, such as basalt fiber. E-glass, and R-glass. Higher 
weight or higher cost materials such as steel, aramid-fibers, 
or polyethylene fibers are substitutes for vehicle armor 
applications. 

Current Activity 

Two types of proprietary fibers have been qualified to Army performance 
specifications for use in DoD armor applications: MIL-DTL-64154B. 

Recommended 

Action 

Monitor supply chain for a decrease in domestic production capacity 
because of declining defense demand over the last six years. 
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Silicon Carbide 


Description 

Silicon carbide (SiC) is a synthetic material and is mass produced by a process 
of heating sand (Si 02 ) in the presence of excess carbon in an electric furnace at 
a high temperature, between 1600°C and 2700”C. Silicon carbide occurs in 
nature as well, as an extremely rare mineral, moissanite. 

Applications 

Used as a high-grade abrasive in various industrial applications, such as metal 
finishing, cutting and polishing. Also used in motor vehicle parts (brake discs, 
clutch and diesel particulate filters), broadcast and wireless communications 
equipment, electronic applications in high-temperature and high-voltage 
devices, LEDs, radio detectors, and body armor. 



Limited. Boron carbide could be used as an alternate material 
for body armor. Potential supply interruption if large (surge) 
amounts of body armor were required. Fused aluminum oxide 
is a very good substitute for SiC in abrasives. 

Impact during 
a National 
Emergency 

Defense 

Overall consumption of SiC for electronics in military 
applications is quite low (~1 percent of total demand) and 
could be substituted in conventional microwave monolithic 
integrated circuit (MMIC) by Ill-V materials such as gallium 
arsenide (GaAs) and indium phosphide (InP), although the 
latter substitution would be at an increased cost. 


Essential 

Civilian 

Limited. High-purity aluminum oxide and abrasive diamond 
could be used to substitute for 25 percent of the total demand 
for SiC in abrasive products in the United States. 

Organic/metal composites and cast iron could be used to 
substitute for the entire demand for SiC in motor vehicle 
parts. 

Shortfall 

No 

Per the 2015 NDS Program Study. 

Supply Risks 

Foreign 

Reliance 

Heavy foreign reliance on large producers - Russia, Japan, 
and China. Smaller producers are Canada, Mexico, and Peru. 

Recommend 

Action 

Keep on the NDS Program Watch List. 


Supply Chain 

Russia, China, Brazil, Norway, and Japan were the major producers of SiC in 201 1 . There was 
only one major company that produced abrasive-grade SiC in the United States during 2012. A 
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second company also produces a small quantity of SIC but for use in heat-resistant products 
rather than abrasives. Silicon carbide is traded in two forms: crude and refined. For 2013, net 
import sources of SiC originated from China (60 percent). South Africa (10 percent), the 
Netherlands (5 percent), Brazil (5 percent), Russia (5 percent), and others (15 percent). The net 
import reliance for SiC was close to 80 percent. 

With new technological trends that require decreased use of abrasive products, improvement in 
economic conditions, and an increase in manufacturing activities in the aerospace, automotive, 
furniture, housing, and steel industries, the demand for SiC should stay constant for the next 
several years. 

Production in the United States is likely to remain low for the next few years, and the overall 
world capacity, especially from China, looks to increase. The availability of low-cost products 
from China could lead to a decrease in domestic output. 

As of 2012 data, an estimated 5 percent of total SiC is recycled. 
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Silicon Carbide Fiber, Multifilament 


Description 

Multifilament SiC fibers are synthetic materials used to reinforce metal, 
ceramic, and polymer matrix composites. They have excellent strength and 
elasticity properties and retain these properties at high temperatures. 

Applications 

Mainly military applications including aerospace and missile defense. 

Impact during 
a National 
Emergency 

Defense 

Significant. There are limited substitution options for SiC 
fibers in most defense applications. 

Essential 

Civilian 

Limited 

Shortfall 

Yes 

Amount withheld. 

Supply Risk 

Complete 

Foreign 

Reliance 

No domestic production. See Proprietary appendix. 

Recommended 

Action 

Acquire for NDS Program stockpile. Amount and projected cost withheld 
(proprietary). 
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Silicon Carbide Wafers 


Description 

Substrates for high-volt£^e, high-frequency, high-power, and high- 
temperature semiconductor devices. Silicon carbide devices offer 
significant size, weight, and power advantages over alternative devices, in 
addition to performance advantages (e.g., higher frequency and 
temperature). 


Civilian - electric vehicles, wind turbines, power inverters for solar cell 
arrays, and industrial and commercial power supply. 

Applications 

Military - Applications include aircraft carrier power systems, electronic 
warfare, air and missile defense, and advanced radar systems such as early 
warning aircraft, electronically steered array, and three-dimensional 
expeditionary long-range radar. 

Impact during a 

Defense 

Limited. There is plenty of domestic production capacity. 

Emergency 

Essential 

Civilian 

Limited. There is plenty of domestic production capacity. 

Shortfall 

No 

Per the 2015 NDS Program Study. 

Recommended 

Action 

Continue monitoring efforts. 


Supply Chain 

Silicon carbide wafers are produced by vertically integrated semiconductor manufacturers. The 
United States is the industry leader. Manufacturers start the production process by purchasing 
pure silicon and pure carbon. The carbon can be procured domestically. It is believed that the 
silicon can be purchased domestically as well, but verification is under way. Producers heat the 
silicon and carbon in a crucible to create SiC. Shape preforms are grown from the SiC using a 
vaporization process. The preforms are cut into wafers. Downstream device fabrication is often 
done in-house, and if not, there is plenty of domestic capability. 
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Strontium 


Description 

Strontium (Sr) is an alkaline earth metal. Due to its highly reactive nature, 
strontium is not present in the metallic form but in minerals, predominantly 
celestite tSrSOj 43.88 oercent content!. 

Applications 

In civilian applications, strontium compounds are mostly consumed by the 
ceramic glass industry in producing cathode ray tubes (CRT), using about 75 
percent of the world’s production of strontium. Other minor applications for 
civilian use include permanent strontium ferrite magnets, metallurgical 
applications (added to aluminum alloys for aerospace and automotive 
industries and used to remove lead impurities during the electrolytic 
production of zinc), and additives to paints to prevent corrosion. Recently, it 
appears strontium has been used in drilling fluids in the oil and natural gas 
sectors. 


Defense applications are primarily in the pyrotechnics industry (e.g,, signal 
flares), which in combination with this use in civilian applications consume 5 
percent of the world’s production. 


Defense 

Significant. Substitution is challenging for pyrotechnic 
applications as it is very difficult to obtain the same brilliance 
and visibility by any other material. 

Impact during a 

National 

Emergency 

Essential 

Civilian 

Modest. Substitution of barium is possible in ferrite ceramic 
magnets but would degrade the quality, which would affect the 
maximum operating temperature threshold for the magnet 
composites. Sodium is an adequate substitute for strontium in 
master alloys, mainly as an additive to aluminum-silicon 
alloys. 

Shortfall 

No 

Per the 2015 NDS Program Study. 

Supply Risks 

Foreign 

Reliance 

No domestic production. Heavy reliance on large foreign 
producers — China, Mexico, Germany, and Spain. Smaller 
producers are Argentina, Iran, Morocco, and Turkey. 

Recommended 

Action 

Continue monitoring efforts. 


Supply Chain 

China, Spain, and Mexico are the major suppliers of celestite (the most commonly found 
strontium mineral), representing a total of 96 percent of the world production in 201 1. Turkey 
was once a leading celestite producer but has experienced significant declines in production in 
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recent years, Turkey had no celestite production in 2009 and 2010, but production resumed in 
2011. Germany has no production of celestite or other strontium compounds but has a refining 
capacity of 55,000 MT. Imported strontium (minerals and compounds) originated from Mexico 
(78 percent), Germany (1 1 percent), China (9 percent), and other (2 percent). Many industries 
consume strontium compounds, including the glass, ceramic, and pyrotechnics industries. 
Besides being used as strontium carbonate alone, it is converted into strontium chloride, 
strontium hydroxide, or strontium nitrate. Ceramic ferrite magnets are relied upon for small 
direct current motors including speakers, toys, windshield wipers, and other electronics. 
Strontium nitrate is used most often as a coloring agent in pyrotechnic applications including 
civilian and military flares, fireworks, and tracer ammunition. The United States currently has 
two concerted programs for strontium, which would allow production to ramp up rapidly if 
needed. 

Production shifts to Asia mean that imports to and exports from the United States are not 
consistent from year to year, and the estimated US demand for strontium is very difficult to 
calculate. Also, the displacement of CRTs by other display techniques for television sets is 
affecting strontium’s overall consumption. Future demand for strontium carbonate may be higher 
than in previous years because of improvements in the economy, increased use in industries such 
as glass, ceramics, and pyrotechnics, and the increased demand for ferrite magnets. With 
improvements being made in advanced applications, consumption of strontium in new end uses 
may increase as well. 
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Sulfur Hexafluoride 


Description 

Sulfur hexafluoride (SFj) is a gas with high dielectric strength, very good 
thermal and chemical stability, and good arc quenching ability. SF* has high 
global warming potential. As a result, its production and use could decline 
substantially in the coming years. 

Applications 

Defense - The DoD uses SF6 as a dielectric at overseas and continental 
military bases and in various military platforms. 

Civilian - SF^ is often used as an insulator in high-voltage power 
applications such as switchgear, wave guides, coaxial cables, X-ray tubes, 
and transformers. SFs is also used in the semiconductor industry as an 
etching or cleaning gas. In addition, there are some medical uses such as a 
contrast agent in ultrasound imaging. 

Impact during a 

National 

Emergency 

Uncertain. Investigation of substitutes and alternate technologies is under 
way. 

Shortfall 

Possible 

Work is currently under way to evaluate and quantify a 
potential shortfall. 

Supply Risk 

Complete Foreign 
Reliance, Foreign 
Dominator 

The US produces no SFj. It is believed that China 
produces over 50 percent of the world supply. 

Recommended 

Action 

Continue monitoring efforts and efforts for shortfall analysis. 


Supply Chain 

The supply chain begins with acid-grade fluorspar, the primary producers of which are China (55 
percent) and Mexico (20 percent). The United States does not produce acid-grade fluorspar and 
imports it primarily from Mexico. Acid-grade fluorspar reads with sulfuric acid to produce 
hydrofluoric acid (HF), which is made in the United States by two large chemical companies. 
The HF is then treated with sulfur to produce SF^. The United States does not produce SF6, so it 
is imported and then purified before end-use integration. 

Substitutes may not be available for many military applications. In addition, production may 
decline substantially due to concerns over global warming. Furthermore, there is no current U.S. 
production of SFs, and global supply is concentrated in China. Further analysis is under way. 
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Tantalum 


Description 

Tantalum (Ta) is a rare, hard, gray, lustrous transition metal that is highly 
corrosion resistant. 

Applications 

Tantalum is used in capacitors in electronics, chemical processing equipment, 
heat exchangers, corrosion-resistant fasteners (e.g., screws), anti-lock brake 
systems, airbag activation systems and engine management modules, and 
high-temperature aerospace engine parts. 

Impact during a 

National 

Emergency 

Defense 

Highest concern for tantalum in nickel superalloys for high- 
temperature sections of jet engines and capacitors for DoD 
military specification (MILSPEC) and U.S, space applications. 

Shaped charge and explosively formed penetrator liners, 
missile systems, ignition systems, night vision goggles, global 
positioning systems. 

Essential 

Civilian 

Some industrial substitution is possible, but usually with less 
effectiveness: niobium in carbides; aluminum and ceramics in 
electronic capacitors; and hafnium, iridium, molybdenum, 
rhenium, and tungsten in high-temperature applications. 

Shortfall 

No 

Per the 2015 NDS Program Study. 

Supply Risk 

Foreign 

Reliance; 

Conflict 

Mineral 

No domestic mining; some recycling at industrial level. The 
mining of tantalum primarily occurs in central Africa and 

Brazil. Material sourced from central Africa must be certified 

conflict free. 

Current Action 

Current stockpile contains 3,777 lbs tantalum, equivalent tantalum carbide 
powder, and 190 lbs tantalum metal scrap. 

Recommended 

Action 

Material requested for acquisition. 


Supply Chain 

Tantalum is estimated to make up about 0.7 ppm of the Earth's crust by weight. Tantalum, always 
together with the chemically similar niobium, occurs in the minerals tantalite, columbite, and 
coltan (a mix of columbite and tantalite). The mining of tantalum primarily occurs in central 
Africa, Brazil, and Australia. 

The United States has about 1 ,500 tons of tantalum resources in identified deposits, all of which 
are considered uneconomical at current prices. Despite the lack of domestic tantalum mining, the 
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United States has robust downstream processing capabilities. Most of the identified resources of 
tantalum are in the DRC, Australia, and Brazil. 

Tantalum can be substituted by other materials, but usually with a loss in performance. The list of 
substitutes is as follows: niobium in carbides; aluminum and ceramics in electronic capacitors; 
glass, niobium, platinum, titanium, and zirconium in corrosion-resistant equipment; and hafnium, 
iridium, molybdenum, niobium, rhenium, and tungsten in high-temperature applications. 

The tantalum industry must report supply data as per the relatively new Dodd-Frank conflict 
minerals legislation. Dodd-Frank requires companies to report annually to the U.S. Securities and 
Exchange Commission the use of conflict minerals from the DRC or nine adjoining countries. 
The Tantalum-Niobium International Study Center (TIC) collects supply data from miners and 
traders of primary metal as well as receipts from smelters. Theoretically, the Dodd-Frank 
reporting data, the TIC data, and the USGS data should have a strong correlation. Discrepancies 
between the data sources could be a result of inventory drawdowns from material purchased prior 
to Dodd-Frank reporting requirements, incomplete/inaccurate reporting, or the result of illegal 
activities. Additionally, reporting is further complicated by the fact that scrap material is not 
subject to Dodd-Frank reporting. The Defense Logistics Agency Strategic Materials will be 
comparing tantalum supply data sources before the next reporting cycle. 

Some representatives from the tantalum industry have expressed that the push for material 
certified conflict free could create a two-tiered market with buyers willing to pay a premium for 
certified material. There is also concern that regulations will adversely impact legitimate mining 
operations in the region. The Defense Logistics Agency Strategic Materials will continue to 
closely monitor the tantalum supply chain. 

Estimated Demand 

Tantalum was consumed mostly in the form of alloys, compounds, fabricated forms, ingot, and 
metal powder. Tantalum capacitors were estimated to account for more than 60 percent of 
tantalum use. Major end uses for tantalum capacitors include automotive electronics, pagers, 
personal computers, and portable telephones. The value of tantalum consumed in 2012 was 
estimated at about $285 million and was expected to exceed $300 million in 2013, as measured 
by the value of imports. It was anticipated that as the global economy recovered, so too would 
the demand for tantalum. Tantalum demand was expected to increase 6 percent per year. 

Supply Forecast 

The 2014 USGS Minerals and Commodity Summaries estimate the apparent tantalum consumed 
in 2012 at 1,010 MT and was expected to exceed 1,110 MT in 2013. Tantalum was consumed 
mostly in the form of alloys, compounds, fabricated forms, ingot, and metal powder. Tantalum 
waste and scrap was the leading imported tantalum material, accounting for about 51 percent of 
tantalum imports. 
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Tellurium 


Description 

Tellurium (Te) is a mildly toxic semiconductor, mainly used in alloyed 
form. 

Applications 

Tellurium compounds are mostly consumed in the production of various 
alloys used in solar cells and thermoelectric devices. Tellurium is also 
used in the manufacture of semiconductors, in metallurgy, and in the 
production of rubber. 

For defense applications, thermal Imaging devices such as short and mid- 
wave IR sensors, thermoelectric coolers for IR detectors, integrated 
circuits, laser diodes, and medical instrumentation are the main 
consumption areas. 

Impact during 
a National 
Emergency 

Defense 

Modest. Silicon is a good substitute in thermal imaging 
devices and navigation systems. However, there are 
currently no substitutes for tellurium in thermoelectric 
devices. 

Essential 

Civilian 

Limited. Bismuth could be used as a substitute for 
metallurgy for ferrous products, and lead could be used as a 
substitute for nonferrous products. Both of these substitutes 
in place of tellurium would result in minor loss in product 
properties. 

Shortfall 

No 

Per the 2015 NDS Program Study. 

Supply Risks 

Foreign 

Reliance 

Sole current U.S. refiner is planning to move its facility. 
Domestic capacity, currently idle, could be ramped up in 4 
to 12 months. Canada and China are the largest sources of 
imports. 

Recommended 

Action 

Continue monitoring efforts. 


Supply Chain 

Tellurium is recovered as a by-product of nonferrous metal mining, primarily from the anode 
slimes produced during the electrolytic refining of copper. The concentration of tellurium in 
these slimes averages 2 percent by weight. A small amount of tellurium is also recovered from 
industrial scrap, like photoreceptors used in older plain paper copiers. 

Russia, China and Japan were the major producers of tellurium in 201 1. In recent years, major 
sources of imports were Canada, China, and to a lesser extent the Philippines. In the United 
States, the single source of production for refined tellurium has decided to move its production 
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lines to an unused facility in Mexico in the near future. No known U.S. concerted program exists 
currently, though tellurium production capacity could be instituted since tellurium is refined in 
the same facilities as copper. 

Solar cell production, and associated demand for tellurium, is expected to decrease for the next 
few years because of the high availability of solar cells in the market. Technological advances 
will likely increase the efficiency of tellurium in thermoelectrics, solar cells, etc., which would 
further reduce consumption and bring down demand. The future supply of tellurium greatly 
depends on the future production of copper and other metals such as gold, lead, nickel, zinc, etc. 
Global production of copper is on an uptrend, which bodes well for tellurium production. An 
increase in recycling efforts would also lead to an increase in tellurium supply. 
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Tin 


Description 

Tin (Sn) is a corrosion-resistant, malleable, and non-toxic metal. 

Applications 

Used in tinplating (e.g., food containers), bronze and brass alloys, solders, 
and as a chemical compound in a variety of applications. In high tech, it is 
used in LCD TVs and touch screens in the form of indium tin oxide. 

Impact during a 

National 

Emergency 

Defense 

As an alloy, it is used in bearings. 

Essential 

Civilian 

Highly recycled and substitutable in food packaging and 
solders. However, indium tin oxide is a critical application, 
and its use is growing. 

Shortfall 

No 

Per 2015 NDS Program study. 

Supply Risk 

Limited 

Foreign 

Reliance 

No U.S. mining of tin due to poor quality of resources, but 
recycling does provide domestic supply. Import reliance is 
mainly from South America and Southeast Asia, 

Current Action 

Defense National Stockpile includes 4020 MT as of FY 2013. 

No plans to sell (Goal 4020 MT). 

Recommended 

Action 

Maintain current inventory and continue monitoring efforts. 


Supply Chain 

The United States is highly reliant on tin imports to satisfy domestic demand. Imports come 
primarily from South America and Southeast Asia and include Peru (47 percent), Bolivia (17 
percent), Indonesia (13 percent), Malaysia (9 percent), and other countries (14 percent). 

Tin is mined throughout the world and may be a by-product of zinc, silver, tantalum, or tungsten 
mining. Tin is typically traded on the London Metal Exchange (LME) and is warehoused 
throughout Europe, United States, and Asia. Tin prices increased approximately +7 percent in 
2012-2013 according to the World Bank commodity price report. Preliminaiy data from the 
World Bureau of Metal Statistics 2013-2014 indicate tin prices increased +1 1 percent. 

Estimated Demand 

In 2013, U.S. tin consumption increased +7 percent (from 27,740 to 29,760 MT). In the previous 
decade, U.S. tin consumption has generally declined from 2005-2012, with the exception of 
2008-2009. The +1 1 percent increase in 2008-2009 may be attributed to the economic recovery. 
The 5 year forecast shows declining U.S. consumption; however, this forecast may be revised as 
more current 2014 economic data become available. The International Tin Research Institute 
(ITRI) optimistically forecasted +2 percent growth in worldwide tin consumption and is driven by 
the use of solder by the electronics sector. 
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Supply Forecast 

Presently, there are no domestic producers of tin. The United States does have secondary 
production through tin recycling, it is fairly easy to recycle from automotive scrap and obsolete 
parts. The United States has both detinning plants and nonferrous metal processing plants that 
can process tin scrap. In 2012-2013, world tin production declined -4 percent. According to the 
uses, world tin production has been steadily declining from 2005 (302,000 MX) through 2013 
(230,000 MT). At this time, there is no evidence of supply disruptions; however, there are some 
areas of concern. The 5 year forecast indicates tin production may show low to zero growth, and 
less optimistically, a decline in production to 150,000 MT. 

In 2014, Indonesia attempted to restructure their tin export market so more value-added tin 
products are exported rather than raw material. Indonesia ruled that tin ingots must be traded on 
the Indonesia Commodity and Derivatives Exchange before shipment. Currently, the LME 
processes most tin trading and sets the benchmark price. Indonesia is trying to wrestle tin trading 
away from LME in order to develop a domestically determined benchmark price and have greater 
control of the market. So far this policy has been unsuccessful, and the Indonesian government is 
adjusting rules as necessary in order to sustain their economy. 
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Tourmaline 


Description 

Tourmaline is a semiprecious mineral composed of boron-silicate crystal 
compounded with aluminum, iron, magnesium, sodium, lithium, or 
potassium. It is notable for its piezoelectric properties (produces an 
electrical response to a mechanical load) and functionality at high 
temperatures. 

Applications 

Accelerometers used in aerospace and ballistics, sensors such as for 
shock/vibration monitoring, gemstones. 

Impact during a 

National 

Emergency 

Defense 

High-temperature, piezoelectric accelerometers and sensors 
require flawless or near-flawless natural tourmaline. 

Essential 

Civilian 

Limited since alternatives to tourmaline exist for civilian 
applications. 

Shortfall 

Possible 

Amount unknown. 

Supply Risks 

Foreign 

Reliance 

Tourmaline is sourced in a few Latin American and African 

countries. 

Recommended 

Action 

Short term: Further study to consider need for stockpiling of tourmaline 
to support H-1 system requirements. Continue monitoring and 
collaboration within DoD. 

Long Term: Explore alternative sources such as U.S. mines and synthetic 
piezoelectric materials. 


Supply Chain 

Tourmaline is a semiprecious mineral widely known for its esthetic properties and utilized in 
piezoelectric, high-temperature sensors. Structurally perfect tourmalines are in high demand by 
consumers and the defense industry. 

Tourmaline deposits can be found throughout the world and are typically found in pegmatite 
(crystalline, igneous rocks.) Tourmaline mining is typically small scale and labor intensive. 
Commercial mining occurs in Brazil, Mozambique, Sri Lanka, and Tanzania. Tourmalines mines 
also operate in the United States. There are approximately ten artisanal mines operating in 
Maine, California, Colorado, and New York. 

Aerospace turbine engines are the primary defense applications of tourmaline. H-1 helicopters 
utilize tourmaline accelerometers. The tourmaline must be flawless or near flawless. Tourmaline 
color is unimportant. Carat size requirements are unknown. Tourmaline accelerometers 
specifications are proprietary, so exact requirements are not yet available. Synthetic tourmaline 
cannot be used as a direct substitute in accelerometers. Properties such as high operating 
temperature and resonance are difficult or impossible to recreate. 
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The United States is almost completely reliant on tourmaline imports. Tourmalines typically 
enter the country as jewelry, cut gemstones, or semi-finished industrial goods such as sensors. 
Tourmaline import data are not separately available in a specific Harmonized Trade Code. They 
are embedded in broader categories like “jewelry of other materials” or “other measuring or 
checking instrument.” 

Tourmalines are bought and sold through agreements between manufactures, gem wholesalers, 
and mines. Tourmalines are not traded through commodity markets. Since transactions occur 
through private buyers and sellers, it is difficult to estimate market size and prices. 

Preliminary analysis indicates retail and wholesale tourmaline prices are historically high. Prices 
depend on color, clarity, cut, and availability. Gemval.com, an online resource for retail prices, 
publishes a tourmaline price index. The annual average growth of the tourmaline price index 
increased +1 1 percent in 2005-2014, Average retail prices for tourmaline tripled in 2005-2014, 
Tounnaline wholesale prices range significantly, from $10 to $10,000 a carat. 

Estimated Demand 

Worldwide tourmaline consumption is primarily driven by jewelry consumer demand. Consumer 
and defense demand both favor higher quality tourmaline specimens. Tourmaline crystals used 
for defense applications require flawless or near-flawless structure. The crystal color is 
unimportant; however, black schorl tourmaline is most common. For consumer demand, better 
quality stones fetch higher prices. Tourmalines are ideal for jewelry due to their color range and 
sturdiness. 

Several trade magazines indicate Chinese consumer demand surged in 2011. Preliminary 
analysis indicates Chinese demand will grow in step with consumer incomes. The Chinese 
jewelry manufacturing industry also contributes to total tourmaline demand. Defense Logistics 
Agency Strategic Materials is currently working with U.S. Naval Air Systems Command to 
determine defense demand. 

Supply Forecast 

World supply is difficult to estimate. Limited data are available for Brazil, Mozambique, and 
Tanzania. Preliminary analysis indicates constrained supply in the future. Oak Ridge National 
Laboratory noted Brazil tourmaline production is diminishing or nearing exhaustion. According 
to the USGS, Mozambique and Tanzania extracted 36 MT of tourmaline in 201 1 . In 2008-201 1 , 
Mozambique averaged 20 MT, while Tanzania averaged 8 MT. It is unclear whether 
Mozambique can sustain production output because of its inadequate infrastructure, difficult 
investment climate, and budget deficit. 
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Triamino-Trinitrobenzene and 1, 3, 5 Trichlorobenzene 


Description 

Trichlorobenzene (TCB) is used to produce triamino-trinitrobenzene 
(TATB) and TATB-based insensitive high explosive (IHE) molding 
powders, which are used to produce fuzes. 

Applications 

Hardened penetration bombs, mortars, missiles, and other explosives. 

Impact during a 

National 

Emergency 

Defense 

Platforms are critical to Army, Navy, Marine, Air Force, and 
National Nuclear Security Administration (NNSA) 
capabilities. 

Essential 

Civilian 

N/A 

Shortfall 

Yes 

Per the NDS Program analysis. 

Supply Risks 

Foreign 

Reliance 

TCB, the precursor chemical required to produce TATB, is 
only manufactured in India and China with no acceptable 
substitutes. However, the unstable chemical nature of TCB 
precludes long-term storage. 

Current Activity 

Acquisition approved for stockpiling in the FY 2014 NDAA. The Defense 
Logistics Agency Strategic Materials is collaborating with the DoD, Army, 
Navy, Air Force, and DoE NNSA to stockpile grades of TATB and TATB 
products. 

Recommended 

Action 

Establish a combined stockpile inventory of TATB and five types of IHE 
molding powders, combined. The stockpile inventory will be established 
during a three year period from FY 2015 to FY 2017. Authority was 
requested in FY 2014 to initiate budget requests and develop acquisition 
vehicles. 


Supply Chain 

TATB and TATB-based IHE molding powders are critical for conventional and nuclear weapons. 
The DoD and NNSA require TATB to be produced using the Benziger process, which requires 
TCB. TCB is foreign produced, environmentally unfriendly, and not suitable for long-term 
storage because of its chemical instability. TATB-based IHE molding powders are produced by 
combining TATB along with another high explosive such as HMX or RDX and a binder. These 
molding powders are used as booster/fuse explosives and as initiator explosives in a wide range 
of tactical and strategic munitions by the Army, Navy, Air Force, and DoE NNSA. 
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Estimated Demand 

The DoD and DoE demand for IHE molding powders is expected to increase because of 
requirements to reconstitute depleted DoE and DoD inventories. Additionally, specialty 
commercial applications for TATB-based explosives within the oil, gas, and mining industry may 
resume in connection with increased domestic energy initiatives. U.S. requirements are currently 
met using the new Holston Facility (mentioned below). Typically, 1 lb of TCB yields the same 
mass of TATB. Depending on the molding powder type, TATB makes up 40-95 percent of the 
total consumption. 

Supply Forecast 

At present, no domestic manufacturing facilities produce the precursor chemical TCB. There is 
one domestic producer that is qualified to produce TATB for some of the IHE molding powders 
used by DoD. Global TCB production is only active in India and China principally due to the 
environmentally hazardous nature of the process and end products. Two domestic companies 
have proposed examining the local manufacture of TCB, with only one reporting any success; 
however, chemical processes and facilities have not been established and any domestically 
produced TCB materials will by exorbitantly expensive. A joint-service program was recently 
completed to reactivate TATB production lines domestically. This plant was recently qualified 
for TATB manufacture. However, the DoD and DoE will be solely reliant on foreign sources of 
supply for TCB for the foreseeable future. Regardless of TATB manufacturing capability, 
domestic fabrication of IHE materials will be rate limited and thus restricted by TCB supplies, 
which have limited storage properties because of inherent chemical instability. 
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Tungsten 


Description 

Tungsten (W) is a dense metal with the highest melting point of all 
metals. Tungsten carbide is an exceptionally hard dense substance. 

Applications 

Tungsten metal is used in alloys intended for high-temperature operation, 
including superalloys and tool steels. Tungsten is used in high- 
temperature electrical filament applications. Tungsten carbide and metal 
alloys are used for ammunition. Tungsten carbide is used for high-wear 
surfaces in applications such as cutting tools. 

Impact during a 

National 

Emergency 

Defense 

High-temperature superalloys used in military turbine 
engines, tungsten filaments for electronics and lighting and 
armor-piercing ammunition are key defense uses. Some 
recycling may offset need for mined tungsten. 

Essential 

Civilian 

In case of a National Emergency, reduction of exports of 
tungsten products and substitution by industry to other 
materials in civilian applications are possible. 

Shortfall 

Yes 

There is a net shortfall of 4. 1 2 million pounds W. 

Supply Risks 

Single 

Domestic 

Point of 

Failure 

Single US mine and other possible single points of failure 
along supply chain. Most tungsten worldwide is mined and 
refined in China. 

Current Activity 

The National Defense Stockpile holds approximately 275,700 lbs of 
tungsten contained in tungsten metal powder and almost 26 million lbs of 
tungsten contained in ores and concentrates. 

Recommended 

Action 

Prepare a supply chain analysis to detail tungsten shortfall. 


Supply Chain 

The world’s largest deposits of tungsten are found in China, and the market for both tungsten ores 
and processed tungsten products is dominated by China. About 85 percent of 2013 world mine 
production was from China. Historically, when political instability limited China’s tungsten 
output, mines were exploited in other countries. Many of these mines closed as Chinese 
production was restored. Tungsten deposits exist in the U.S., but aside from the small Andrew 
Mine in California, are not being exploited. Tungsten concentrate continues to be mined in 
Canada and Russia. Tungsten concentrate is refined into ammonium paratungstate, tungsten 
powder, and tungsten metal and carbide forms. 
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Tungsten is extensively recycled. Tungsten carbide particles may be recovered from cutting tools 
and recycled directly into similar applications. Tungsten was one of the first elements added to 
steel alloys, and is especially used in high speed too! steel. Tungsten is one of the key elements 
added to nickel and cobalt based superalloys. Tungsten is recycled indirectly through the 
recycling of tool steel and superalloys, and may be recovered from tool steel and superalloy 
scrap, uses Commodity Summary data indicates that about 60 percent of apparent domestic 
consumption in 2013 was met through the secondary market. 

In addition to the tool steel and superalloy supply chains, tungsten is used directly by a number of 
industries. Filaments for incandescent light bulbs are made of tungsten, and tungsten or tungsten 
alloy filaments continue to be used in a variety of vacuum electronic systems including radar 
systems. Tungsten carbide or tungsten alloys are used in armor-piercing ammunition and in 
specialty applications such as welding rods, radiation shielding, and counterweights. 

Estimated Demand 

The 2014 USGS Commodity Summary apparent consumption of tungsten in all forms for 2013 
was estimated to be 13,900 metric tons, of which 8,300 metric tons was produced in the 
secondary market. Sixty percent of tungsten is used in the tungsten carbide form, often with 
tungsten carbide particles embedded in a cobalt “cemented” matrix. 

Supply Forecast 

China is attempting to control its tungsten industry by concentrating it into larger firms and 
encouraging export of refined products through taxation of ores and concentrates. In the near 
term, Chinese exports of ammonium paratungstate and other refined products are likely to remain 
steady. Several other countries are expanding exports of ores and concentrates. The domestic and 
international secondary markets are well-developed, and recovery of both tungsten and useable 
alloys should continue. 

Downstream producers, such as Global Tungsten Powders, are adapting to the declining demand 
for incandescent lighting filaments. This has impacted secondary applications of filaments, such 
as used in vacuum electronics. Downstream production of superalloys and tool steels, and of 
cutting tools based on tungsten carbide, should remain stable. 
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Ultra High Molecular Weight Polyethylene Fiber 


Description 

Ultra high molecular weight polyethylene (UHMWPE) fiber composites 
are used for lightweight armor applications (body-armor backing, vehicle 
armor, and helmets). Because of their high strength-to-weight ratio, they 
are an alternative to heavier armor materials. Military specification, MIL- 
DTL-32398, classifies three types of UHMWPE fiber systems that are 
qualified for DoD armor applications. 

Applications 

Defense - U.S. body armor programs and vehicle armor programs. 

Commercial - Cordt^e, recreational/sport industry, and textile industry. 

Impact during a 

National 

Emergency 

Defense 

UHMWPE fiber composites allow for the lightest weight 
armors. When a surge in demand was seen during past 
conflicts, lesser performing and heavier materials were used 
as substitutions. 

Essential 

Civilian 

Limited. Many substitutes are available. 

Shortfall 

No 

Per the 2015 NDS Program Study. 

Supply Risks 

Demand 

Surge 

A sudden increase in demand during a national emergency 
could cause a supply shortage, as seen during past conflicts. 

Recommended 

Action 

Monitor supply chain for a reduction in domestic capacity due to declining 
defense demand over the last six years. 


Supply Chain 

There is available US. supply to meet current U.S. demand. Three companies produce these 
fibers, and these companies have a total of four facilities across the globe. One facility is in the 
Netherlands, and the other three are in two different states in the United States. 
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Vanadium 


Description 

Vanadium (V) is a soft, silvery gray, ductile, and malleable metal. The 
formation of an oxide layer stabilizes the metal against oxidation. 

Vanadium has good corrosion resistance to alkalis, sulfuric acid, 
hydrochloric acid, and salt waters. The element is found only in 
chemically combined forms in nature. 

Applications 

Most vanadium is used as an additive to improve steels. Steel, specialty 
steel, catalysts, titanium-aluminum-vanadium alloys for jet engines, 
cladding, vanadium-gallium tape for superconducting magnets, and glass 
coatings are the principal applications for vanadium. 

Impact during a 

National 

Emergency 

Defense 

According to the USGS, there is currently no suitable 
substitute for vanadium in aerospace titanium alloys. 

Essential 

Civilian 

There are several substitutes for vanadium-containing steels 
such as manganese, molybdenum, niobium, titanium, and 
tungsten. Nickel and platinum could replace vanadium 
compounds as catalysts in some chemical processes. 

Shortfall 

No 

Per the 2015 NDS Program Study. 

Supply Risk 

Foreign 

Reliance 

The United States is currently 100 percent import reliant on 
vanadium. However, two existing mines in the United States 
could potentially restart, and one new mine is currently under 
development. 

Recommended 

Action 

Continue monitoring efforts. 


Estimated Demand 

According to the consulting firm Roskill, world vanadium consumption totaled 80,000 metric 
tons (contained V) in 2012, up from 73,000 metric tons in 201 1 . At approximately 27,000 metric 
tons, China was the world’s leading consumer of vanadium owing to its large steel industry and 
the country’s intensity of vanadium usage within steel. The second largest consuming region is 
Western Europe, with a consumption of 15,000 metric tons in 2012, up from 12,000 metric tons 
in 2011. North American consumption totaled 11,000 metric tons in 2012. According to the 
uses, U.S. apparent consumption of vanadium (equal to production + imports - exports + stock 
changes) totaled 8,530 metric tons in 2012. U.S. vanadium imports totaled an estimated 9,353 
metric tons in 2012, while exports totaled 1,144 metric tons. The United States produced only 
272 metric Ions of vanadium in 2012, so the balance of exports was from previously produced 
stocks. The United States’ reliance on imported vanadium rose from 81 percent in 2009 to 97 
percent in 2012 and is expected to reach 100 percent in 2013. The United States’ main suppliers 


Appendix 6-94 





324 


of ferrovanadium are Canada and the Czech Republic, whereas Russia and South Africa are its 
main suppliers of vanadium pentoxide. 

As over 90 percent of vanadium is destined for the steel industry, growth in the use of vanadium 
will be largely a function of the development of the global steel sector, which, in turn, is 
dependent on the production of steel-intensive products such as automobiles, aviation, and major 
structures such as bridges, dams, and commercial buildings. As the trend in automobiles and 
aviation is toward lighter weight, the use of steel is expected to plateau and even drop off in the 
future. Thus, steel’s main driver is expected to be infrastructure and commercial real estate. 
Therefore, growth in the use of vanadium in specialty alloys and high-strength, low-alloy steel 
will very much depend on future regulations regarding strength standards of steel in these end 
uses. On this front, China will be the principal driver as the country attempts to bring its building 
codes in line with the developed world and it continues to industrialize. 

Supply Forecast 

World vanadium production is estimated to have been nearly 74,000 metric tons (V) in 2012, of 
which nearly 40,000 metric tons (contained vanadium), or 52 percent of the total, was accounted 
for by China. All of the growth in vanadium production has been the result of co-production 
from the growth in steelmaking from vanadium-bearing titaniferous magnetite ores. Nearly two- 
thirds of all vanadium production was the result of co-production in 2012, up from a 50 percent 
share in 2006. 

As mentioned, China has been responsible for nearly all of the growth in vanadium production 
over the past several years, with vanadium output growing from just 1 8,000 metric tons in 2006 
to 40,000 metric tons in 2012. The United States ceased all vanadium mine production in 2013 
when the country’s sole vanadium co-product producer was acquired by another company that 
decided to focus its business on uranium production. According to the USGS, there are currently 
seven firms in the United States that produce vanadium products such as ferrovanadium, 
vanadium pentoxide, vanadium metal, and vanadium-bearing chemicals or specialty alloys 
through the processing of petroleum residues, spent catalysts, utility ash, or vanaditun-bearing pig 
iron slash. 

According to the USGS, there are currently nine vanadium projects at varying degrees of 
completion that could add a combined capacity of 54,000 metric tons of vanadium per year if all 
were to come to fruition. There are two mines in the United States that could be restarted with 
minimal investment. Finally, a new domestic project is in the development and permitting 
process for vanadium pentoxide production. In Canada, new supply is also coming online in the 
next 2 years. 
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Zinc 


Description 

Zinc (Zn) is a metal and is the 24th most abundant element in the earth 
and the 4th most common metal in use. Zinc is often used for its anti- 
corrosion properties. Zinc-coated steel is called galvanized steel. 

Applications 

Motor vehicle parts, shipbuilding and repairing, and various fabricated 
metal products are the primary uses in civilian applications. For defense 
applications, high-grade zinc is used in galvanization for ship building, 
metal fabrication, alloys, and corrosion protection. 

Impact during a 

National 

Emergency 

Defense 

Limited. U.S. import reliance is small, and zinc can be 
substituted with various elements in chemical, electronic, and 
pigment uses. Substitutes for galvanized sheet include 
aluminum, plastics, and steel; for die casting materials, 
aluminum, magnesium, and plastics can be substituted. For 
corrosion protection, substitutes include aluminum alloy, 
cadmium, paint, and plastic coatings. Aluminum alloys 
substitute for brass. 


Essential 

Civilian 

Limited. U.S. supply and substitutes are available. 

Shortfall 

No 

Per the 2015 NDS Program Study. 

Supply Risks 

None 

Much of the zinc consumed in the United States is produced 
domestically. Very low foreign reliance on large 
producers — China, Australia, and Peru. Smaller producers 
are Canada, Brazil, India, and Mexico. 

Current 

Action 

NDS Program currently holds zinc in inventory. 

Recommended 

Action 

Release for sale of some of the metal currently held in reserve. 


The most common zinc ore is sphalerite (zinc blende), a zinc sulfide mineral. The largest 
mineable amounts are found in Australia, Asia, and the United States. 

Pure zinc metal is produced by an extractive metallurgy process, which involves collecting zinc 
sulfide concentrates by a froth flotation process and then roasting them to produce zinc oxide. 
The zinc oxide is then reduced by either pyrometallurgy or electrowinning processing methods to 
produce zinc metal. 
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U.S. mine production during 2013 was roughly 750,000 MX; a few of the zinc-producing states 
are Alaska, Tennessee, Missouri, and Idaho. About 60 percent of the refined U.S. production of 
zinc comes from the secondary materials, such as galvanizing residues and crude zinc oxide from 
electric arc furnace dust. U.S. production of zinc could decline in the near future as one of the 
major domestic suppliers may transition to raining lower grade ore at the deposit. The United 
States has a good constant domestic supply of zinc as mining and refining capacities are very 
established and supply a significant portion of domestic demand. A single point of failure in the 
supply chain of zinc does not exist. The prime exports of zinc by the United States are ores and 
concentrate, while its primary import is refined zinc. The United States has one of the highest 
zinc reserves (10 million MT) in the world. World production capacity for zinc is comfortably 
above current production levels and also above projected demand levels. 

The galvanization of steel accounts for the largest share of U.S. domestic consumption, and the 
demand for this use is fairly consistent. 
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Rare Earths 

This section contains a general discussion of the rare earth elements and is followed by individual 
rare-earth-element exhibit tables. The rare earth elements are grouped together because of their 
similarities in both sourcing and material properties. As a result, rare earth elements are often 
mined and processed together, and many end up in similar end-use applications. However, the 
individual tables also show that there are differences that need to be considered. 


Description 

Rare earths are a family of 17 elements in the periodic table consisting of 
the lanthanide series (atomic numbers 57-70) plus scandium (Sc, atomic 
number 21) and yttrium (Y, atomic number 39). The lanthanide series is 
commonly split into two sub-categories, the “light” rare earths [lanthanum 
(La) and cerium (Ce) through samarium (Sm)] and the “heavy” rare earths 
[europium (Eu) through lutetium (Lu)]. Some analysts split the lanthanide 
series into three camps - light [La, Ce, praseodymium (Pr), and 
neodymium (Nd)], medium [Sm, Eu, and gadolinium (Gd)], and heavy 
[terbium (Tb), dysprosium (Dy), holmium (Ho), erbium (Er), thulium 
(Tm), ytterbium (Yb)and Lu]. Promethium (Pm) is technically a rare earth 
but is radioactive, unstable, and extremely scarce, so it has very limited 
practical use. 

Rare-earth-containing ores such as bastnasite, monazite, xenotime, 
loparite. and ion adsorption clays (among others) are first mined, ground to 
a specific size, and then concentrated. The mixed rare earth concentrate 
can then be shipped as is to a separation facility where the individual rare 
earth oxides are separated out from the concentrate. If the mine has the 
appropriate technology and equipment, the concentrate can be separated 
into individual oxides onsite and then shipped to customers worldwide. 
Oxides and other rare earth chemicals are then processed by various 
methods into metals, powders, alloys, and other products before being 
used in semi-finished components (e.g., magnets, motors, catalysts) and, 
ultimately, in consumer products and military platforms. 

Applications 

Catalysts (Ce, La), glass (Ce), polishing (Ce), automotive catalysts (La, 

Ce, Nd), alloys (Ce, La, Nd), magnets (Nd, Sm, Dy, Pr), phosphors (Y, Tb, 
Eu), ceramics (Y), medical/pharmaceuticals (Y, Gd), and research. 

Some specific defense platforms include cerium oxide polishing powder 
for focal plane arrays; cerium oxide polishing powder for optical glass; 
lanthanum fluoride for fiber optics; lanthanum-based fluid cracking 
catalysts used to increase yield in jet fuels; lanthanum metal or alloy used 
in nickel-metal hydride (NiMH) batteries; neodymium and samarium for 
neodymium-iron-boron (Nd-Fe-B) and samarium-cobalt (Sm-Co) magnets, 
respectively; and yttrium and neodymium for neodymium: yttrium- 
aluminum-gamet (NdiYAG) laser crystals. 
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Impact during 
a National 
Emergency 

Defense 

While substantial strides have been made in the development 
of the U.S. rare earth industrial base over the past few years, 
the United States still lacks capability along several nodes of 
the value chain, particularly in rare earth-based metals. The 
NDS Program is currently unaware of a disruption in the 
defense industrial base because of a lack of availability of 
rare earths, but an interruption could occur along several 
links of the supply chain during a national emergency. 

Specific applications that could be affected include heads-up 
displays and lasers for range finders and target designators. 


Essential 

Civilian 

The impact would be widespread due to its use in consumer 
electronics, lighting, and green energy. Recycling is minimal 
and would currently not be able to significantly mitigate the 
risk. 

Shortfall 

Yes 

Yes. There is a net shortfall of 37 metric tons for europium, 
a net shortfall of 820 metric tons for lanthanum, and a 
shortfall for high-purity yttrium (amount withheld). 

Supply Risk 

Foreign 

Reliance; 

Single 

Point of 

Failure 

There is a single U.S. mine for rare earths and significant 
reliance on China for rare-earth-based materials. 

Current 

Action 

Legislative approval for acquisition of dysprosium and yttrium was 
obtained in the FY 2014 National Defense Authorization Act (NDAA). 

Recommended 

Action 

Prepare legislative proposals and supply-chain analysis in FY 2015 for 
europium and lanthanum. Further study of scandium is recommended. 


Note on Rare Earth Data 

The rare earth industry suffers from a basic lack of transparency requiring a “great deal of 
intuition and deduction” [Industrial Mineral Company of Australia (IMCOA), Bulletin #6 
February, 2014] when estimating supply and demand. First, the supply chain of rare earths 
consists of a substantial quantity of partially processed chemicals, meaning a change in business 
plans can have a substantial effect on demand. Furthermore, improvements in efficiency of use 
(known as “thrifting”) over the past few years in response to soaring prices have further 
complicated demand estimation because while rare earths are found in a rising number of devices, 
the amounts used per device are falling. Thirdly, the impacts of illegal mining and smuggling 
are, by their very nature, unknown. Finally, the impact of technological change such as the 
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adoption of hybrid electric vehicles, the development of LEDs, and the evolution of recycling 
activities can result in major swings in demand. 

While there are numerous forms of rare earth materials, the data on rare earth supply and demand 
are typically presented as oxides or “oxide equivalent.” Rare earth oxides, having undergone 
only one or two processing stages from the original ore, are considered raw materials. As such, 
rare earth oxide consumption is “buried in the supply chain” and appears nearly invisible in the 
final goods that use them. Furthermore, rare earth oxides are a small fraction of the price of the 
final good despite being critical (and, in many cases, essential) to the applications that use them. 
It should be emphasized that estimates of U.S. demand for rare earths as oxide underestimate the 
U.S. economy’s reliance on rare earths, as illustrated by the United States’ large import position 
in the finished products bearing rare earths. 

Estimating supply is no less of a challenge. First, rare earth ore reserves are quoted by overall 
grade, not rare earth oxide (REO) metric tons delivered. In addition, annual mine plans are 
considered business proprietary information and therefore are rarely made public. Furthermore, 
the Chinese rare earth industry consists of many small players, many of whom operate illegally. 
Consolidation of the industry in China combined with the more vertically integrated operations of 
new producers in the United States and Australia should lead to more supply-side transparency. 
Finally, forecasting future supply is very difficult due to the many variables involved. Suffice to 
say that not all of the projects currently being planned will come to fruition. 

The number of analysts attempting to estimate and forecast rare earth demand are too numerous 
to count. What is clear, however, is that no two analysts’ figures ever agree. This unfortunate 
reality is the result of different estimation techniques, survey methods, and basic definitions of 
end-use sectors, categories, and data classification. Furthermore, it is simply impossible to 
independently verify data from the largest producing country, China. Finally, the trade statistics 
adhere to the harmonized system of tariffs (HTS) codes, which does not necessarily align with the 
way industry stakeholders categorize the data. As a general matter, the NDS Program relies 
heavily on three principal sources for its rare earth data: the U.S. Geological Survey (USGS), 
IMCOA/Curtin University, and Roskill. The NDS Program is constantly on the outlook for 
verifiable, consistent data. 

The discussion on demand that follows will use data as assembled by NDS Program analysts and 
the USGS, with IMCOA/Curtin University data in parentheses. 

Estimated Demand 

World rare-earth-oxide demand totaled an estimated 94,335 metric tons (108,500 metric tons) in 
2013, representing a 9.3 percent decline from the 2012 figure. At approximately 65,400 metric 
tons (68,000 metric tons), China led all consuming regions, accounting for nearly 70 percent of 
total world demand in 2013. Japan, with a demand of nearly 12,900 metric tons (15,000 metric 
tons), came in a distant second with 14 percent of world demand. The United States, at 8,500 
metric tons (19,000 metric tons), accounted for 9 percent of global demand, while the rest of 
world accounted for 8.1 percent of the total, with 7,620 metric tons (6,500 metric tons). 
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Purchases of rare earth oxides have fallen dramatically over the past 2 years as consumers reacted 
to high prices in 2011 by working off inventories, thrifting, and substitution. Technological 
improvement was another factor behind the lower demand figures in 2013. To illustrate, the 
rapid adoption of the LED technology as well as new television and computer peripherals (which 
use fewer rare earths) has decimated the demand for phosphors used in these applications. To cite 
another example, more efficient use of materials has resulted in the smaller-sized magnets in hard 
disk drives and small motor actuators. Interestingly, the magnet end use was the only application 
to show year-over-year growth in 2013, advancing 5.4 percent over the 2012 figure. Rare-earth- 
oxide demand in every other end-use application fell between 6 percent and 13 percent in 2013. 

In the end markets, battery alloys continued to be the top user of rare earths, with demand totaling 
nearly 26,000 metric tons (IMCOA does not split out battery alloys), accounting for 27 percent of 
total demand in 2013. This was followed closely by catalysts, with a demand totaling 
approximately 21,000 metric tons (22,000 metric tons), representing 22 percent of all demand. 
Rare earth oxides used in magnets was the third largest end use, with demand totaling 16,530 
metric tons (23,000 metric tons), accounting for 18 percent of all demand. Phosphors were the 
fourth largest application, with rare earth oxide demand in this segment totaling 9,607 metric tons 
(7,000 metric tons) and accounting for 10 percent of total demand. The other applications, 
metallurgy, powders, and ceramics, had market shares ranging from 3 percent to 7 percent. 

Cerium oxide was the largest among all individual rare earth oxides, with an apparent 
consumption totaling nearly 40,000 metric tons (39,850 metric tons) and accounting for 42 
percent of the total demand. There is some debate over which rare earth oxide takes second place 
in terms of demand volume. Using NDS Program/USGS estimates, neodymium takes second 
place with a demand totaling 19,130 metric tons in 2013 (18,925 metric tons) for a market share 
of 20 percent. Lanthanum follows closely behind in third place with a demand totaling 1 8,600 
metric tons (31,700 metric tons - second largest market per IMCOA) for a 19.7 percent market 
share. Using the IMCOA data, however, lanthanum is the second largest in terms of demand 
volume. The discrepancy among the rankings between lanthanum and neodymium is largely 
explained by the different estimates of rare earth usage in the United States’ catalyst segment. 
NDS Program/USGS identified U.S. rare earth demand in the catalyst segment totaling about 
2,700 metric tons, which accounted for 3 1 percent of all U.S, rare earth oxide demand. In 
contrast, IMCOA has the U.S. catalyst sector accounting for over 65 percent of U.S. rare earth 
oxide demand. Yttrium oxide demand was next in the pecking order, with a demand totaling 
7,163 metric tons (7,585 metric tons) for a market share of 7,6 percent. This was followed 
closely by praseodymium, with a demand of nearly 6,000 metric tons (6,075 metric tons) for a 6.4 
percent market share. The markets for the remaining oxides — Eu, Gd, Sm, Tb, Dy, Er, Ho, Tm, 
Yb, Lu — are small and highly specialized. 

Supply 

The discussion on supply that follows draws exclusively from data provided by IMCOA. It must 
be emphasized that these data are approximations only. Furthermore, full-year 2013 production 
figures in the United States would have likely been unknown to IMCOA at the time these 
estimates were made. As such, estimates of global totals for those elements (e.g., Ce, La, Nd/Pr, 
etc.) are likely to be overstated here. 
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Globa! production of rare earth oxides totaled an estimated 105,000 metric tons in 2013, 
representing a slight downturn from 2012 levels. The slide was the result of Chinese production 
curtailments and efforts by other producers to match production with demand as they attempted to 
ramp up their facilities. Downtime is common in the industrial commodities business as 
producers react to high inventories (both consumer and producer) and low, prices by slowing 
production. Lower consumption by end users in response to high prices tugs against lower 
production by producers in response to low prices to create the ebb and flow of supply and 
demand. Inventory is one of the major linchpins in this cycle, and as these stocks wind down, 
buyers return to the market and producers ramp up production. In the rare earths business, 
however, inventory data are unavailable, so analysts rely on anecdotal information and price 
signals to infer the direction of inventories. 

Production of the light rare earths (La, Ce, Pr, and Nd using the three group classification 
method) totaled 94,000 metric tons in 2013. Output of the medium rare earth oxides (Sm, Eu, 
and Gd) totaled 3,750 metric tons in 2013, while production of the heavy rare earth oxides (Tb, 
Dy, Er, and Y) totaled 7,250 metric tons. 

Over the past 10 years, China dominated the production of rare earth oxides, accounting for up to 
95 percent of global output. With the startup of new production in the United States and 
Australia, however, China’s dominance in rare earth oxide production (particularly in the light 
rare earths) has begun to erode. China still commands the lion’s share of medium and heavy rare 
earth oxide production with a market share of 93 percent and 99 percent, respectively, in those 
groups. China is also still a major producer of the light rare earths, accounting for 84 percent of 
global production. Nevertheless, the increased diversity of supply over the past few years is a 
healthy development in the rare earth supply chain. 

Going forward, rare earth supplies are forecast to increase as production in the United States and 
Australia reaches full production and new facilities come on line. Chinese production is also 
expected to grow albeit at a slower rate than the rest of the world owing to the mature nature of 
their rare earth mining sector and efforts to consolidate the industry from hundreds of producers 
to just eight. According to research firm Technology Metals Research, as of March 7, 2014, there 
were 57 rare earth mineral resources at an “advanced” stage associated with 51 advanced rare 
earth projects involving 49 different companies and located in 34 different regions within 16 
different countries. The search for new rare earth resources is pervasive and global. Resource 
grade, project economics, access to financing and infrastructure, and the evolution of rare earth 
prices are just a few of the variables that will dictate who succeeds and who fails. According to 
IMCOA, global rare-earth-oxide production is forecast to total an estimated 175,000 metric tons 
by 2017, for a gain of 65,000 metric tons over the 2013 estimate. 
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Individual Rare Earth Element Tables 
Cerium 


Description 

Cerium (Ce) is a light rare earth element generally used in oxide form 
because it is toxic and reactive in metal form. There are domestic reserves 
of light rare earth elements, and cerium is the most abundant rare earth 
element. 

Applications 

Additive and polishing abrasive for glass manufacturing, including for 
optical lenses and wafers, catalyst for automobiles and chemical industry, 
paint, phosphors for display screens, water treatment. 

Impact during 
a National 
Emergency 

Defense 

Impact likely limited due to availability of substitutes. 

Essential 

Civilian 

Limited impact due to availability of substitutes. 

Shortfall 

No 

Per the 2015 NDS Program Study. 

Supply Risk 

Single 

Point of 

Failure 

Although previously entirely dependent on imports for cerium 
supply, the United States currently has one domestic producer. 

Current 

Actions 

All rare earth elements are carefully monitored for potential changes to 
supply. 

Recommended 

Action 

Continue monitoring efforts. 
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Dysprosium 


Description 

Dysprosium (Dy) is a heavy rare earth element and metal with magnetic 
properties. Heavy rare earth elements are generally rarer than the light 

ones. 

Applications 

Used mainly in neodymium-iron-boron-based permanent magnets where it 
makes up generally about 0.8 to 1 .2 percent of the magnet weight but can 
be up to 1 1 percent by weight. Neodymium-iron-boron magnets are then 
used in end products such as computer hard disk drives, magnetic 
resonance imaging (MRl), automotive motors, wind turbines, and 
loudspeakers. Also used in phosphors and some lasers. 

Impact during 
a National 
Emergency 

Defense 

Substitution difficult because of high performance desired 
for defense. High dependence in commercial off-the-shelf 
(COTS) parts. 

Essential 

Civilian 

Neodymium-iron-boron magnets have better magnetic 
properties than alternative materials. However, dysprosium 
content has successfully been reduced without significant 
loss of performance for many commercial applications. 

Shortfall 

No 

Per the 2015 NDS Program Study. 

Supply Risk 

Foreign 

Reliance 

Although dependent on imports, a U.S.-based company does 
produce it. Significant supply chain steps for dysprosium- 
containing permanent magnet production are still entirely 
OCONUS. 

Current Actions 

Approved for stockpiling in the 2014 NDAA, section 1412. 

Recommended 

Action 

Continue approved acquisition of 0.5 metric tons. 


Supply Chain 

As one of the current materials with acquisition authority, ORNL and the NDS Program have 
prioritized documenting the materials flow diagram for dysprosium, the core of which is shown 
as follows. 
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Erbium 


Description 

Erbium (Er) is a heavy rare earth element and bright silver metal. Heavy 
rare earth elements are generally rarer than the light ones. 

Applications 

Used in lasers, fiber optics, pink color for glass and enamel, cryocooler, 
alloy additive. 

Impact during 
a National 
Emergency 

Defense 

Data are very limited on erbium’s potential impact on 
defense. 

Essential 

Civilian 

Erbium uses are limited and somewhat substitutable in most 
applications. 

Shortfall 

No 

Per the 2015 NDS Program Study. 

Supply Risk 

Foreign 

Reliance 

Although entirely dependent on imports for erbium supply, 
a U.S.-based company does produce it. However, sourcing 
and processing occur at foreign facilities. 

Current Actions 

All rare earth elements are carefully monitored for potential changes to 
supply, 

Recommended 

Action 

Improve quantification of erbium use in defense, where its use in very 
small amounts makes it challenging to identify. 
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Europium 


Description 

Europium (Eu) is a medium/heavy rare earth element and hard non-toxic 
silver metal. Heavy rare earth elements are generally rarer than the light 

ones. 

Applications 

Used mostly in phosphors, which are in turn used in TV and computer 
screens, compact fluorescent lighting, LEDs, and sensors. Also used in 
small quantities for ceramics, specialty glass additives, and lasers. 

Impact during 
a National 
Emergency 

Defense 

Limited and specialized uses throughout the military in 
applications such as phosphors (red, blue, white) and lasers. 

Essential 

Civilian 

Critical for increasing the energy efficiency of lighting (e.g., 
white LEDs) and visual displays. 

Shortfall 

Yes 

There is a net shortfall equivalent to 37 metric tons oxide. 

Supply Risk 

Foreign 

Reliance 

Although previously entirely dependent on imports for 
europium supply, the United States currently has some 
domestic production. Some processing occurs at foreign 
facilities. 

Current Actions 

All rare earth elements are carefully monitored for potential changes to 
supply. 

Recommended 

Action 

Recommend stockpiling 37 metric tons of europium. Further study to 
improve quantification of europium use in defense, where its use in very 
small amounts makes it challenging to identify. 


Appendix 6-107 





337 


Gadolinium 


Description 

Gadolinium (Gd) is a medium/heavy rare earth element and silvery-white 
ductile metal. Heavy rare earth elements are generally rarer than the light 

ones. 

Applications 

Used in very small quantities in automotive and fuel cracking catalysis, 
phosphors, magnets, microwave applications, and other alloys. Also used in 
medicine for MRI. 

Impact during 
a National 
Emergency 

Defense 

Limited and specialized uses throughout the military in 
applications such magnets, lasers, radar, and avionics display. 

Essential 

Civilian 

It is difficult to assess criticality, as small amounts are used in 
many civilian applications, including medical, automotive, and 
electronics. 

Shortfall 

No 

Per the 2015 NDS Program Study. 

Supply Risk 

Foreign 

Reliance 

Although previously dependent on imports for all of the 
gadolinium supply, a U.S.-based company now mines and 
produces it. Some processing steps occur at foreign facilities. 

Current Actions 

All rare earth elements are carefully monitored for potential changes to 
supply. 

Recommended 

Action 

Improve quantification of gadolinium use in defense, where its use in very 
small amounts makes it challenging to identify. 
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Holmium 


Description 

Holmium (Ho) is a heavy rare earth element and metal having a strong 
magnetic moment. Heavy rare earth elements are generally rarer than the 
light ones. 

Applications 

Used in magnets, glass, and lasers. 

Impact during 
a National 
Emergency 

Defense 

Data on holmium’s potential impact on defense are very 
limited. Use is believed to be small. 

Essential 

Civilian 

Uses are limited, but substitution comes with some loss of 
performance. 

Shortfall 

No 

Per the 20 1 5 NDS Program Study. 

Supply Risk 

Foreign 

Reliance 

Although entirely dependent on imports for holmium supply, 
a U.S.-based company does produce it. However, sourcing 
and processing occur at foreign facilities. 

Current 

Actions 

All rare earth elements are carefully monitored for potential changes to 
supply. 

Recommended 

Action 

Improve quantification of holmium use in defense, where its use in very 
small amounts makes it challenging to identify. 
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Lanthanum 


Description 

Lanthanum (La) is a soft metal and the lowest molecular weight element in 
the lanthanide series. The United States and China have the world’s largest 
known resources. Most rare earth ores contain large fractions of lanthanum 
(up to a third). It oxidizes quickly in air, and most applications use it in 
oxide form. 

Applications 

Metal alloys for nickel metal hydride batteries, fiber-optical 
communication systems, heat-resistant superalloys, ferritic and samarium- 
cobait magnets, steel alloys, ceramic capacitors, semiconductors, and other 
components for LCDs and electronics, glass manufacturing, doping agent 
for camera and telescope lenses. 

Impact during 
a National 
Emergency 

Defense 

Potentially critical due to lack of substitution options 
for applications such as heat-resistant superalloys, magnets, 
high-strength 300 M steel landing gear struts, and IR-absorbing 
glass for night-vision goggles. 

Essential 

Civilian 

In addition to having minimal recycling (<1 percent), 
substitutes are not available for most applications except 
batteries, where the improved performance of lithium-ion 
batteries has led to significant substitution. 

Shortfall 

Yes 

There is a net shortfall of 820 metric tons oxide basis. 

Supply Risk 

Single 
Point of 

Failure 

Previously, the United States was entirely dependent on 
imports for lanthanum supply. The United States currently has 
one domestic producer. 

Current Actions 

All rare earth elements are carefully monitored for potential changes to 
supply. 

Recommended 

Action 

Acquire 820 metric tons oxide basis. Further study defense uses and forms 
of lanthanum. 
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Lutetium 


Oescription 

Lutetium (Lu) is a heavy rate earth element and hard metal that is very 
difficult to separate and process and is hence very expensive. Heavy rare 
earth elements are generally rarer than the light ones. 

Applications 

Used in lasers, phosphors, high-refractive-index optical lenses, catalysis. 

Impact during 
a National 
Emergency 

Defense 

Data are very limited on lutetium’s potential impact on 
defense. Use is very small and limited. 

Essential 

Civilian 

Uses are limited to those applications where substitution is 
very difficult. 

Shortfall 

No 

Per the 2015 NDS Program Study. 

Supply Risk 

Foreign 

Reliance 

Entirely dependent on imports for lutetium supply. 

Current 

Actions 

All rare earth elements are carefully monitored for potential changes to 
supply. 

Recommended 

Action 

Improve quantification of lutetium use in defense, where its use in very small 
amounts makes it challenging to identify. 
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Neodymium 


Description 

Neodymium (Nd) is a light rare earth element and magnetic metal. 

Available in larger concentrations in rare earth ores as light rare earth 
elements are generally less scarce than the heavy ones. A component of rare 
earth mischmetal along with lanthanum, cerium, and neodymium. 

Applications 

Neodymium-iron-boron magnets for electronics, automobiles, MRi 
machines, nickel metal hydride batteries, cryocoolers, CRTs, lasers, minor 
alloying element for iron and steel alloys. 

Impact during 
a National 
Emergency 

Defense 

Neodymium-iron-boron permanent magnets are critical to 
defense as they are used in electric motors for a variety of 
applications. Substitution and thrifting are limited. 

Essential 

Civilian 

Considered essential for clean energy technologies such as 
wind turbines and hybrid and electric vehicles. Recycling and 
substitution are limited and generally result in loss of 
performance. 

Shortfall 

No 

Per the 2015 NDS Program Study. 

Supply Risk 

Single 
Point of 

Failure 

Although previously entirely dependent on imports for supply, 
the United States currently has some domestic production. 

Current 

Actions 

All rare earth elements are carefully monitored for potential changes to 
supply. 

Recommended 

Action 

Continue monitoring efforts. 
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Praseodymium 


Description 

Praseodymium (Pr) is a light rare earth element and soft, ductile metal. 
Available in larger concentrations in rare earth ores as light rare earth 
elements are generally less scarce than the heavy ones. A component of 
rare earth mischmetal along with lanthanum, cerium, and neodymium. 

Applications 

Used as a minor alloy for the casting of steel and iron, in nickel metal 
hydride batteries, in neodymium-iron-boron magnets, optical lenses, optical 
filters, coatings, ceramic capacitors, semiconductors, and other components 
for LCD and electronics, alloyed with magnesium in aircraft engines. 

Impact during 
a National 
Emergency 

Defense 

Praseodymium is used with neodymium in neodymium-iron- 
boron permanent magnets, which are critical to defense. 
Substitution is limited and tends to be only with other rare 
earth elements. 

Essential 

Civilian 

Recycling is limited, and substitution is possible but generally 
results in loss of performance. 

Shortfall 

No 

Per the 2015 NDS Program Study. 

Supply Risk 

Single 

Point of 

Failure 

Although previously entirely dependent on imports, the 

United States currently has some domestic production. 

Current 

Actions 

All rare earth elements are carefully monitored for potential changes to 
supply. 

Recommended 

Action 

Continue monitoring efforts. 
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Samarium 


Description 

Samarium (Sm) is a light/medium rare earth element and magnetic metal. 
Available in small {0,8-2.8 percent approximately) concentrations in rare 
earth ores. May be a minor component of some rare earth mischmetals that 
are available on the market. 

Applications 

Samarium-cobalt permanent magnet used in electronics, automobiles, and 
other transport vehicles; IR absorption glass; optical glass; capacitor for 
microwave frequencies. 

Impact during 
a National 
Emergency 

Defense 

Limited and specialized uses throughout the military. 

Essential 

Civilian 

Somewhat substitutable by other rare earth elements. 

Shortfall 

No 

Per the 2015 NDS Program Study. 

Supply Risk 

Single 

Point of 

Failure 

Although previously entirely dependent on imports for supply, 
the United States currently has some domestic production. 

Current Actions 

All rare earth elements are carefully monitored for potential changes to 
supply. 

Recommended 

Action 

Continue monitoring efforts. 
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Scandium 


Description 

Scandium (Sc) is a transition metal that is often grouped with the rare earth 
elements. It is generally found as a by-product of other metals and has a very 
small market. Can be alloyed with aluminum to produce aluminum-scandium 
alloys, which are lightweight, have high-temperature stability, higher strength 
but also higher cost. 

Applications 

High-intensity mercury-vapor lamps, lasers, and solid oxide fuel cells. 
Aluminum-scandium has specialty applications such as in sports gear 
(baseball bats) and some aerospace and naval applications. 

Scandium applications assessed for this report also include a number of 
important defense requirements. See details in the Proprietary section. 

Impact during 
a National 
Emergency 

Defense 

Limited, however aluminum-scandium alloys do provide 
a combination of lightweight and high strength that is 
difficult to substitute with alternatives. 

Essential 

Civilian 

Most civilian applications can use alternatives to 
scandium. Substitution is harder for solid oxide fuel cells 
as alternatives require higher operating temperatures. 

Shortfall 

No 

Per the 2015 NDS Program Study. 

Supply Risk 

Significant 

Foreign 

Dependence and 
Limited to No 

Domestic 

Capacity 

Production of scandium oxide is limited to a few foreign 
countries, namely, China, Kazakhstan, Russia, and 

Ukraine. Domestic production capabilities and capacities 
for downstream scandium-containing materials are often 
limited and in some cases do not exist. 

Current 

Actions 

All rare earth elements are carefully monitored for potential changes to 
supply. 

Recommended 

Action 

Further study recommended to quantify essential civilian and defense demand 
for scandium. 
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Terbium 


Description 

Terbium (Tb) is a heavy rare earth element and silver-gray ductile metal. 

Heavy rare earth elements are generally rarer than the light ones. 

Applications 

Used in phosphors (green) for displays, high-temperature fuel cells (solid 
oxide fuel cell), lasers, and magnetostrictive alloys for solid-state transducers 
and actuators. 

Impact during 
a National 
Emergency 

Defense 

Data is very limited on terbium’s potential impact on defense. 

Essential 

Civilian 

Terbium uses are limited and somewhat substitutable by other 
rare earth elements, although with some loss of performance. 

Shortfall 

No 

Per the 2015 NDS Program Study. 

Supply Risk 

Foreign 

Reliance 

Although dependent on imports for terbium supply, a 

U.S.-based company does produce it. It is important to note 
that this company also operates facilities outside the 

OCONUS. Some processing steps are still occurring entirely 
OCONUS. 

Current 

Actions 

All rare earth elements are carefully monitored for potential changes to 
supply. 

Recommended 

Action 

Improve quantification of terbium use in defense, where its use in very small 
amounts makes it challenging to identify. 
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Thulium 


Description 

Thulium (Tm) is a heavy rare earth metal and second-rarest element after 
promethium. 

Applications 

Uses are very limited as it is very expensive and rare. Used in portable 
x-ray devices and research and can be used in some lasers. 

Impact during 
a National 
Emergency 

Defense 

Data are very limited on thulium’s potential impact on 
defense. 

Essential 

Civilian 

Limited impact due to limited use. 

Shortfall 

No 

Per the 2015 NDS Program Study. 

Supply Risk 

Foreign 

Reliance 

Entirely dependent on imports for thulium supply. 

Current 

Actions 

All rare earth elements are carefully monitored for potential changes to 
supply. 

Recommended 

Action 

Improve quantification of thulium use in defense, where its use in very 
small amounts makes it challenging to identify. 
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Ytterbium 


Description 

Ytterbium (Yb) is a heavy rare earth element and malleable silvery metal. 
Heavy rare earth elements are generally rarer than the light ones. 

Applications 

Used in optical glasses, crystals and ceramics, in some stainless steels and 
super alloys. Ytterbium lasers can be used to drill into diamonds, for 
micromachining, and to mark products. Known defense applications 
include satellite-based infrared (SBIR) sensors (surveillance and missile 
launch detection), thin, antireflective film on optical components such as 
lenses, dopant in solid-state lasers, fiber-optic amplifiers, and night-vision 
coatings. 

Impact during 

Defense 

Data are very limited on ytterbium’s potential impact on 
defense. Use is believed to be small. 

Emergency 

Essential 

Civilian 

Uses are limited, but substitution comes with some loss of 
performance. 

Shortfall 

No 

Per the 20 1 5 NDS Program Study. 

Supply Risk 

Foreign 

Reliance 

Entirely dependent on imports for ytterbium supply, although 
small concentrations are found in one U.S. mine project and a 
Canadian and an Australian mine project. 

Current 

Actions 

All rare earth elements are carefully monitored for potential changes to 
supply. 

Recommended 

Action 

Further study of ytterbium uses for defense and need for stockpiling are 
recommended in this report. 
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Yttrium 


Description 

Yttrium (Y) is a soft metal that is often grouped with the rare earth elements 
in part because it has similar properties. Yttrium occurs with most rare 
earths deposits and is recovered mainly from monazite sands. It is initially 
produced as an oxide. 

Applications 

Pigment and stabilizer in ceramics, high-temperature superconductors, 
phosphors for display screens, lasers, deoxidizer for vanadium and other 
nonferrous metals, catalyst in chemical industry and automobiles, solid 
electrolytes for fuel cells, refractory material. See details for yttrium oxide 
in the Proprietary section. 

Impact during 
a National 
Emergency 

Defense 

There are no known substitutes immediately available for 
yttrium in certain applications. 

Essential 

Civilian 

Limited although it is barely recycled and only somewhat 
substitutable except for some ceramics. 

Shortfall 

No 

No yttrium net shortfall. Yttrium oxide details withheld. 

Supply Risk 

Foreign 

Reliance 


Current Actions 

Acquisition of yttrium oxide was approved in the 2014 NDAA. 

Recommended 

Action 

The NDS Program continues to assess DoD requirements. Yttrium oxide 
details are in the Proprietary section. 
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Appendix 6b. Proprietary or For Official Use Only (FOUO) 
Material Summary Tables 

This section contains Proprietary or For Official Use Only information. 
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Appendix 7 
Acronyms 

AC 

Alternate Case 

AMC 

U.S. Army Material Command 

AP 

ammonium perchlorate 

B4C 

boron carbide 

BCA 

Business Case Analysis 

BFA 

brown fused alumina 

BLM 

Bureau of Land Management 

BT 

1,2,4-butanetriol 

BTTN 

1 ,2,4-butanetriol trinitrate 

CA 

challenge area 

CaFz 

calcium fluoride 

CAGR 

compound annual growth rate 

CAWG 

Civilian Agency Working Group 

CCMD 

Combatant Command 

CEA 

Council of Economic Advisors 

CIGS 

solar thin film photovoltaics 

CONOPS 

Concept of Operations 

COTS 

commercial off the shelf 

CPE 

chlorinated polyethylene 

CRT 

cathode ray tube 

CSM 

chlorosulfonated polyethylene 

CTWG 

Critical Technologies Working Group 
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cz 

Czochralski 

CZT 

cadmium-zinc-telluride 

DoC 

U.S. Department of Commerce 

DoD 

U.S. Department of Defense 

DoE 

U.S. Department of Energy 

DPAS 

Defense Priorities and Allocation System 

DRC 

Democratic Republic of Congo 

EFP 

explosively formed penetrator 

EMD 

electrolytic manganese dioxide 

EMM 

electrolytic manganese metal 

EOC 

Emergency Operating Capacity 

EPA 

U.S. Environmental Protection Agency 

ETF 

electronically traded fund 

FFRDC 

Federally Funded Research and Development Center 

FLIR 

forward looking infrared 

FORCEMOB 

Force Mobilization Model 

FPDs 

flat panel displays 

FSA 

fluorosilicic acid 

FY 

Fiscal Year 

FYDP 

Future Years Defense Program 

G&S 

U.S. goods and service 

GaAs 

gallium arsenide 

GaN 

gallium nitride 

GDP 

Gross Domestic Product 

GPS 

Global Positioning System 
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GRG 

general rubber goods 

HBT 

hetero-junction bipolar transistor 

HF 

hydrofluoric acid 

HM 

high modulus 

HMX 

cyclotetramethylene-tetranitramine 

HS 

high strength 

HTPB 

hydroxyl-terminated polybutadiene 

HVPE 

hydride vapor phase epitaxy 

IC 

Intelligence Community 

ICS 

Integrated Security Construct 

ICCARM 

Integrated Cross-Capability Assessment and Risk Management 

IDA 

Institute for Defense Analysis 

IHE 

Insensitive High Explosive 

ILIAD 

Inter-industry Large-scale Integrated and Dynamic Model 

ILZSG 

International Lead/Zinc Study Group 

IM 

intermediate modulus 

IMCOA 

Industrial Mineral Company of Australia 

INFORUM 

Inter-industry Forecasting Project 

InP 

indium phosphide 

IR 

infrared 

IRAMM 

Integrated Risk Assessment and Management Model 

IRSG 

International Rubber Study Group 

ISCs 

Integrated Security Constructs 

ISR 

intelligence, surveillance, and reconnaissance 

ITRI 

International Tin Research Institute 
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IW 

Irregular Warfare 

JMTC-RIA 

Rock Island Arsenal Joint Manufacturing & Technology Center 

ksi 

kilo square inches 

LCD 

liquid crystal display 

LEC 

liquid-encapsulated Czochralski 

LEDs 

light-emitting diodes 

LIFT 

Long-term Inter-industry Forecasting Tool 

LME 

London Metal Exchange 

LPE 

liquid-phase epitaxy 

ManTech 

U.S. Army Manufacturing Technology Program 

MBE 

molecular beam epitaxy 

MCOs 

Major Combat Operations 

MCR 

material consumption ratio 

MDA 

Missile Defense Agency 

MIBP 

Office of Manufacturing and Industrial Base Policy 

MMICs 

monolithic microwave integrated circuits 

MOCVD 

metal organic chemical vapor deposition 

MON 

mixed oxide of nitrogen 

MOU 

Memorandum of Understanding 

MRl 

magnetic resonance imaging 

MT 

metric tons 

NASA 

National Aeronautics and Space Administration 

NDAA 

National Defense Authorization Act 

NDS Program 

National Defense Stockpile, managed by the Defense Logistics Agency 
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Strategic Materials 

NiCd 

nickel cadmium 

NiMH 

nickel-metal hydride 

NNSA 

National Nuclear Security Administration 

NSS 

National Security Space 

NTO 

nitrogen tetroxide 

NTO 

nitrotriazolone 

OCONUS 

outside the contiguous United States 

OEM 

original equipment manufacturer 

OSD JDS 

Office of the Secretary of Defense Joint Data Support 

OSD 

Office of the Secretary of Defense 

OSD/CAPE 

Office of the Secretary of Defense/Cost Analysis and Program Evaluation 

OUSD AT&L 

Office of the Undersecretary of Defense for Acquisition, Technology and 
Logistics 

PA 

power amplifier 

PAN 

polyacrylonitrile 

PGM 

platinum group metals 

PVC 

polyvinyl chloride 

RAMF-SM 

Risk Assessment and Mitigation Framework for Strategic Materials 

RDX 

cyclotrimethylene-trinitramine 

SBIR 

satellite-based infrared 

SF6 

sulfur hexafluoride 

SG 

standard grade 

SIBC 

Space Industrial Base Council 

SiC 

silicon carbide 
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SM 

Strategic Materials 

SMART 

Strategic Material Analysis & Reporting Topographj 

SMC 

Space Missile Command 

SME 

Subject Matter Expert 

SOSA 

Security of Supply Arrangement 

SRM 

solid rocket motors 

SrS04 

celestite 

SSM 

Stockpile Sizing Module 

ST 

short ton 

T-Fund 

National Defense Stockpile Transaction Fund 

TATB 

triamino-trinitrobenzene 

TCB 

1,3,5 trichlorobenzene 

TIC 

Tantalum-Niobium International Study Center 

TPPL 

thin-plate pure lead 

UAVs 

unmanned aerial vehicles 

UCAV 

unmanned combat air vehicle 

UHF 

ultra high frequency 

UHMWPE 

ultra high molecular weight polyethylene 

USAF 

U.S. Air Force 

uses 

United States Geological Survey 

USN 

U.S. Navy 

VGF 

vertical-grade freeze 

VIM 

vacuum induction melt 

VPE 

vapor phase epitaxy 

W 

withheld 
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WFA 

white fused alumina 

WMD 

Weapons of Mass Destruction 

WWI 

World War I 
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Senator Manchin. Dr. Silberglitt. 

Dr. Silberglitt. Thank you, Senator Manchin. I think the key 
words that we’ve heard today from my colleagues here are access 
and uncertainty and predictability. And so we have these world 
markets for materials and the rare earths are a perfect example of 
where we don’t have control, where we depend on imports. 

And if that market were a fair marketplace and our companies 
could have access at the same price that anyone else would pay 
then, I think, we would have no problem. We don’t have to control 
it ourselves, but that isn’t currently the case as we said in our re- 
port. 

Senator Manchin. Okay. Well, I do not subscribe to throwing 
caution to the wind. I think there is a balance between the econ- 
omy and the environment. We have a responsibility, but also we 
are very vulnerable, I think, and that is what I am concerned 
about. 

I want to thank Senator Hirono very much for allowing me to do 
this. Thank you. 

The Chairman. Thank you. Senator Manchin. I think your ques- 
tions get right to the heart of why we want to have this legislation 
because there is a vulnerability and it is very real. 

So, Senator Hirono, thank you for generously letting your col- 
league precede you. Go ahead. 

Senator Hirono. Thank you. Madam Chair. 

This is a question for Vice Admiral Cosgriff. We have heard testi- 
mony today on the limited supply of critical minerals that are in 
products that we rely on everyday from smart phones to toothpaste 
to vehicles. As a consequence our landfills are filled with products 
containing critical minerals and looking at the testimony from Dr. 
Silberglitt that that in the tungsten situation the industry re- 
sponded relatively quickly to producing through secondary produc- 
tion of tungsten through recycling, filling a need. 

So my question. Vice Admiral Cosgriff, is what percentage of 
electrical equipment containing rare earth minerals is recycled 
across your members and what are the impediments you see to in- 
creasing recycling rates? 

For the rest of the panel, anyone who wants to weigh in, what 
is recycling of critical minerals from the products that already con- 
tain these minerals feasible and what can we do at the Federal 
level to incentivize recycling of these products containing these 
minerals? 

Let’s start with you. Vice Admiral Cosgriff. 

Admiral CosGRiFF. Thank you. Senator. I can’t give you a per- 
centage of products that have critical minerals in them or the per- 
centage of recycling that they are in. We will do our best to get 

Senator Hirono. It is probably not very much. 

Admiral CosGRiFF. Well, we will do our best to get that informa- 
tion to the Committee because I think it’s a very good question and 
a very right question about the responsibility we all have, you 
know, suppliers, manufacturers and users, to make sure at the end 
of life of these products for environmental reasons and increasingly 
for other reasons, in this case the rarity of a key substance in that 
product, to do our level best to recover that. 
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Admiral COSGRIFF. I know in manufacturing we spend a lot of 
time trying to wring inefficiency out of our processes. Waste is an 
inefficiency. You wouldn’t want to waste something with the word 
rare in it. So that’s an important part of it. 

Likewise at the end of life teaming with consumers and other 
users we recover those materials as best we can. There are pro- 
grams that do that. DOE incentivizes that. States do that. There 
is some research being done on that. I would encourage and con- 
gratulate the Committee on addressing that whole life cycle ap- 
proach to these products or these materials. 

Senator Hirono. You say that there are already Federal incen- 
tives to recycling? Yes? 

Admiral CoSGRiFF. The ones I’m familiar with are for environ- 
mental reasons for recovering materials in lighting systems, and I 
will find out on the critical materials from the manufacturers point 
of view. 

[The information referred to follows:] 
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Questions from Senator Hirono: If and to what extent are NEMA members working to recycle 
critical minerals within their products to achieve success similar to the case study for tungsten 
cited by Dr. Silberglitt of RAND. What is the percentage of recovery of critical minerals within 
products recycled across NEMA members, what federal programs NEMA members utilize in 
recycling these products for critical mineral recovery, and is there any way the Federal 
government can further support those activities? 

Answer: At the present time, collection and recycling of specific types of products manufactured 
by NEMA members is underway in part due to industry leadership, federal law and laws in place 
in various states. These primarily include fluorescent lamps’ and mercury-switch 
thermostats,^ both of which designated as Universal Waste under the Resource Conservation and 
Recovery Act (RCRA) to facilitate recycling and prevent mercury from entering the general 
waste stream. However, the federal obligation to recycle them falls only on large generators in 
the commercial/industrial sectors. Mandatory collection and recycling of lamps and thermostats 
generated by households and small businesses is required only in certain states that have 
enacted laws for that purpose. To date, 12 states have laws that require manufacturers to fund 
and operate mercury thermostat recycling programs and 3 states have laws requiring programs 
for mercury-added lamps. 

More information about lamp recycling is available from the Association of Lamp and Mercury 
Recyclers^. Data on mercury thermostat recycling can be obtained from the Thermostat 
Recycling Corporation (TRC). 

Separately, the primary (i.e. single use) battery industry is operating pilot battery recycling 
programs in several regions while simultaneously promoting state legislation that would make 
"all-battery ” recycling programs mandatory. The rechargeable battery industry has had a 
nationwide recycling program in place since the mid-1990s called CalURecycle, which counts 
several NEMA companies as long-time members. Cal!2Recycle also collects and processes 
certain electronic devices and may have data on levels of critical materials recovered through its 
operations.'’ 

However, we are not aware of any data on reclamation of critical minerals contained in the 
products mentioned above since the focus on each activity has been keeping products from 
entering the general waste stream. 

Recycling of critical minerals from products is a focus point of research underway at the 
Department of Energy 's Critical Minerals Institute (CMl). CMI is also engaged on a project 
aimed at developing rare-earth-free lighting phosphors. 


' See WWW, lainprecvcie.org 
^ See www.thermostat-recvcle.ore 
’ See www.almr.org 


’ See www.can2recvcle-org 
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Building on these points, the Federal government could take various steps to support further 
work on recycling and critical mineral recovery. For example, following through with criticality 
assessments and determinations as called for in S. 883, the American Mineral Security Act, 
would help send a signal to the private sector that specific materials contained in end-of-life 
products have residual economic value. To incentivize this. Federal (or Federal-funded) 
research and development into ways to shorten or simplify the recycling process for designated 
materials would be useful. 

Based on our information, the percentage of these products being recycled in the U.S. is 
unknown at this time. Perhaps the Federal government should consider asking the recycling 
industry how much useful material is being recovered for future use. 

NEMA would be open to discussing this topic area further with Sen. Hirono and her staff. 


Contacts: Craig Updyke, craig.UDdvke@nema.org , 703 841 3294 

Mark Kohorst, mark.kohorst@nema.org . 703 841 3249 
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Senator Hirono. Do any of the other panelists want to weigh in 
on how feasible is it to recycle more of the products to get critical 
minerals out of these products? 

Mr. Conger. Senator Hirono. 

Senator Hirono. Yes? 

Mr. Conger. Thank you. 

Senator Hirono. Mr. Conger. 

Mr. Conger. One thing that I would point out in the case of cop- 
per which is well-documented. Copper has been mined and pro- 
duced for over 4,000 years. Estimates have been made that 99 per- 
cent of all the copper that’s ever been extracted from the Earth’s 
surface is still in use today and we track that annually. It’s an in- 
tegral part of the supply cycle of copper. Wires, you know, get — you 
tear down something that has copper wires in it, for instance, or 
an old motor. You take that, put it back into the supply chain, and 
that ends up constituting about ten percent of the total market- 
place. 

So what I would point out is yes, recycling is important. We need 
to continue to encourage people to recycle and facilitate recycling, 
but it’s not going to replace the growing demand that the world’s 
population has for all of these things. It’s part of it, but it’s not suf- 
ficient — 

Senator Hirono. Yes. 

Mr. Conger. To not have new mines. 

Senator Hirono. I understand that, but I think recycling prob- 
ably should/could play a bigger role in our need for these critical 
elements. 

I have another question about the Department of Energy in 2011 
and under Chair Murkowski’s bill would require the DOE to iden- 
tify and develop alternative minerals and energy technologies that 
are less reliant on minerals that could face supply restrictions. 

So perhaps, again. Vice Admiral Cosgriff, you can let us know 
how much progress has been made within the manufacturing in- 
dustry on finding these alternative minerals and manufacturing 
techniques that will be less dependent on critical minerals? How 
are we progressing on that front? 

Admiral CoSGRiFF. Yeah, I think the thing to remember there. 
Senator, is that our companies pursue technology for competitive 
advantage, so they’re always trying to find that special something 
that’s going to give them a leg up. 

Pick on lighting again, in the case of LEDs, we do use these rare 
earth elements to help us tune the light to get the right colors, to 
get the right mix of colors so that white looks like white light, looks 
like white light to your eyes and not some off shade that drives 
consumers crazy. 

Right now that’s the rare earth component of LEDs. In the fu- 
ture, I can’t say. But it’s an example of where technology got us 
to a point where we are reaping tremendous energy savings with 
these new devices. And I think it’s logical to think that our compa- 
nies will continue to pursue alternatives to something that’s going 
to be expensive to source, rare earth elements. 

Senator Hirono. Okay. 

Thank you. Madam Chair. 

The Chairman. Senator Warren. 
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Senator Warren. Thank you, Madam Chair. 

As we have discussed this morning, the innovative use of min- 
erals is expanding rapidly from advanced defense technology to cut- 
ting edge clean energy developments. New uses are cropping up 
with increasing frequency. We depend on these valuable materials 
every day for components in phones, computers, roads and that 
means we count on having a steady supply of them. 

For many of these minerals we know that is not a problem. We 
know that our manufacturers and researchers will have access to 
them at reasonable prices for the foreseeable future. But for others, 
we do not have much choice except to use unreliable foreign 
sources and to accept the risks that come along with that. 

That is why it is so important that we invest in developing alter- 
natives to critical materials and finding other ways to reduce our 
reliance on oversea suppliers. 

Northeastern University in Boston, for example, has conducted 
important research on rare earth minerals focusing on potential 
substitutes for these minerals in ultra strong magnets that are now 
used in everything from hybrid cars to headphones to jet engines. 

Dr. Silberglitt, given how reliant we are on importing critical 
minerals, can you explain how high quality research can reduce the 
risks associated with supply shortages and disruptions? 

Dr. Silberglitt. Thank you. Senator Warren. Well, research can 
reduce the risks in several ways. 

One is to reduce the amount that we use simply by using a mate- 
rial that using the same material more efficiently with a better 
product design. This is going on in the tungsten industry for many 
years, and it’s accelerated because of the situation you describe. 

Another is, you know, to be more efficient in the way we actually 
produce these materials. Right? We talked about better ways to ac- 
tually produce the material, to do it in a more environmentally 
sound way, to process it more efficiently, so that we essentially get 
more out of what’s in the ground. Right? 

And another possibility is to substitute one material for another. 
I believe the research you quoted talks about using cerium which 
is a very, much more abundant and less supply risky material than 
neodymium and dysprosium which are the ones that are quite a bit 
of a problem according to the Department of Energy, for example. 

So there are all these different ways, and I think we need to, like 
with energy, it’s not one verses another. You need them all. So I 
think we need to pursue all of those. 

Senator Warren. Good. Well that is very valuable to talk about 
the different ways in which research can be helpful in this area. 

Dr. Kimball, what mineral needs does our country have that we 
might be able to help address with better investments in research? 
Can you just give us an idea of that? 

Dr. Kimball. Senator, are you asking what specific minerals we 
should be pursuing? 

Senator Warren. Or general areas where we should be working? 

Dr. Kimball. Well, I think one of the most important things is 
really looking at the life cycle analysis of various minerals where 
we know that there is demand through industry. And some of those 
minerals are included in the list that has been referenced several 
times this morning where we do have a foreign dependence. 
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Part of the challenges that we, as a nation, face is to not become 
too dependent on a single source for any particular commodity but 
to understand the distribution so that if there is disruption in those 
commodities that, in the supply of those commodities, that our 
needs are not put at risk. And so I think that’s another valuable 
area for research. 

Senator Warren. Good. That is very important. Thank you. 

I realize that investments in high quality research cannot solve 
all our problems, but this research represents a very important op- 
portunity to reduce our reliance on unreliable, foreign mineral 
sources. We can do a better job of developing alternatives to critical 
minerals, strengthen our research workforce and explore other 
ways to improve our resilience to supply disruptions and our na- 
tions and other research institutions can play a critical role in that 
process. 

I am pleased that the bill we are talking about today takes steps 
to address these concerns, and I look forward to working with the 
Chairman on this. 

Thank you. 

The Chairman. Thank you. Senator Warren. 

We have had a good discussion here this morning about under- 
standing what it is that we have, the analysis, the assessments and 
then trying to forecast out what it is that we will need. How we 
can be more efficient in our use, how we can recycle, how we can 
find alternatives. 

I want to go back to you, Mr. Fogels, with a follow-on to Dr. 
Kimball, just in terms of the mapping. 

You have indicated that 17 percent of the State of Alaska has 
been mapped, and we have a long way to go in understanding what 
it is that we have available to us. I would imagine that we are in 
a similar situation around the country just in terms of having map- 
ping and an understanding of the resource across the country. Ob- 
viously the more we know, the better prepared we are. 

How do we go about placing a priority then on mapping? We 
have had a difficult time just getting an inventory of many of our 
oil and gas resources. In my view, this falls in that same category. 

Is it something, and I think this goes to Senator Capito’s point, 
where if the Federal Government is not doing it we rely on the 
states to do it? How do we do a better job in terms of the assess- 
ment? 

Mr. Fogels. Madam Chair, thank you. I mean that’s a really 
good point. I think as we all know a lot of you have heard Alaska’s 
financial situation at this point given the low oil prices probably 
won’t let us contribute as much to our mapping efforts as we once 
have, for at least for the time being. We hope that 

The Chairman. So if we do not have the mapping does that mean 
that we have investors that are just not looking at us because they 
don’t know? 

Mr. Fogels. Well again, we’ve done a lot of really good work on 
our mapping. Already state mapping data has enabled us to find 
two significant prospects in Alaska, the Pogo gold mine which is 
producing right now and the Livengood project which is a fabulous 
project that’s in pre-permitting. Both of those were discovered at 
least in part because of the state release of data. 



364 


We have other projects such as the Richardson Highway area 
where a company recently staked 23,000 acres of mining claims 
based on state data. So existing state data is still driving invest- 
ment in Alaska and will continue to do so. 

We’re just looking 

The Chairman. What about on the Federal side? If we have 17 
percent of our state lands that have been mapped, how much of our 
Federal lands have been mapped? 

Mr. Fogels. Actually I think the 17 percent figure that I men- 
tioned was all of Alaska. 

The Chairman. It is, okay. 

Mr. Fogels. State, Federal and probably even private Native 
corporation lands. I don’t have the actual break out, percentage by 
land ownership. 

But I mean, we definitely need to do more, and we’re looking for 
innovative ways to partner with the Federal agencies such as the 
uses to keep that rolling. And for awhile now anyway we’ll have 
to rely more on the Federal agencies to help us with that mapping. 

The Chairman. Let me ask you. Dr. Kimball, are we giving suffi- 
cient priority just to the assessment and mapping in your view? 

Dr. Kimball. I think that we could put more effort into devel- 
oping those baseline assessments. And as we’ve talked a lot today 
about how technology is driving a need for critical minerals, ad- 
vances in scientific technology can help us with those assessments 
and mapping. 

New techniques for using hyper-spectral technology, for instance, 
which is being pioneered right now domestically in Alaska has the 
opportunity, provides us with the opportunity to be looking at larg- 
er areas, especially those that are inaccessible to the usual boots 
on the ground prospecting types. 

The Chairman. Good. Now let me ask about this early warning 
system that you referenced. Dr. Silberglitt. 

Your report contains this index that approximates the global con- 
centration and production for critical raw materials. Can this type 
of an index then serve as some kind of an early warning system 
for problems related to concentration of production? Because it 
seems to me, look, this is expensive to produce. You have long lead 
times. If we can see it coming perhaps we can be a little more 
proactive here. Is that a fair observation? 

Dr. Silberglitt. Thank you. Senator. There are two indexes that 
we used in our report. 

One is the Herfindahl-Hirschman Index, the HHI, which is com- 
monly used for commodity markets, and it shows you if you see 
that’s becoming more concentrated then you see that there is pro- 
ducers that are dominating the market. 

The other, we folded into that HHI index, the World Governance 
indicators that the World Bank produces to look to see if the domi- 
nant producers indeed one that has a poor governance or that con- 
trols their market so that we need to worry more about that. 

I think that both of those indexes can be used if you benchmark 
them against commodity markets. So if you look at the changes in 
those indexes and you ask yourself, if I were the Department of 
Justice and this were a commodity market, would I worry about 
this? 
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So yeah, that will give you some foresight. And that kind of 
benchmarking can suggest where there might he a problem evolv- 
ing. If we had done that years ago when we saw the Chinese 
growth 

The Chairman. Right. 

Dr. SiLBERGLiTT. In all these different markets we would have 
said, maybe, gee, this could be a problem eventually. 

But I think that forecasting can be a problem too, right? Because 
there’s so much uncertainty in these markets. They can change 
very rapidly as we’ve seen with the rare earths and with other ma- 
terials. 

So I think one has to take those forecasts with a grain of salt, 
use them as a guide. I’d like to do foresight rather than forecasting. 
Look at what’s plausible and what the range of uncertainty is and 
then yes, these indexes can give you benchmarks that might enable 
you to see when a problem could occur. 

The Chairman. Let me ask you. Admiral Cosgriff and Mr. Con- 
ger or others, if we were better able to forecast or to operate with 
foresight, as Dr. Silberglitt has mentioned, does that help us here 
from a manufacturing perspective? 

Admiral CosGRiFF. Oh absolutely. I mean, the predictability, that 
enhanced predictability, that comes with this sort of, these sorts of 
information flows, whether it’s a forecast or foresight, reinforces 
the instinct of manufacturers to have, to always have a plan B on 
their supply chain. So what happens if? 

So they’re not happy about having a single source of anything, 
no matter where that single source is from. So if it’s in a geo- 
political sensitive area that increases their risk. 

If there’s a marker on the business side or the economic side that 
they get to see then they start to take the logical actions you’d ex- 
pect. How do I mitigate the risk? How do I keep this product line 
going in the face of this sort of challenge? So information would 
drive this. 

The other thing that will drive it is cost. If somebody starts ma- 
nipulating it for some reason at home or abroad that would get 
their attention very quickly, and they’d start looking for other 
sources. 

Intuitively I think my companies identify themselves as North 
American companies so intuitively they would think about sourcing 
closer just to avoid the cost of moving things farther. 

So all this, I think, contributes to a notion inside the electro in- 
dustry of wanting to bring as much of this as close as you can and 
have multiple sources available. 

The Chairman. Mr. Conger. 

Mr. Conger. Chairwoman Murkowski, I would also add that if 
the free market system is allowed to work, if I can compete in this 
country with mines in other countries that have the same permit- 
ting horizons, roughly the same standards, then the supply will 
come from those that are most economically viable to do it. And in 
some of the cases that were pointed out by the Vice Admiral, if we 
had the opportunity to go search for and produce those minerals 
with certainty in this country, you’ve got the opportunity to actu- 
ally increase the supply and drive the cost down. 
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So it benefits us in many, many ways, and it should be, you 
know, we should not be giving up a competitive advantage of these 
minerals we have here at home because we’ve got such a difficult 
permitting horizon to get through. 

The Chairman. Let me ask you all one more question, and it is 
to any of you. 

You have reviewed the legislation that we have introduced here. 
One of the questions that was presented this morning, I think, per- 
haps, left a little bit of confusion about the bill itself and whether 
or not it weakens or removes any requirement to provide for envi- 
ronmental safeguards. I want to make sure that it is very clear 
that the intent of the legislation, of course, is to do what we can 
to allow for a more streamlined permitting system but in no way 
to pull the rug out from underneath any environmental require- 
ments there. So to any of you who may wish to jump in here. Do 
you believe that the bill weakens or waves any of the requirements 
of existing environmental laws? Commissioner Fogels. 

Mr. Fogels. Yes, Senator. The State of Alaska and the Interstate 
Mining Compact Commission, we’ve reviewed the draft bill in its 
current form and we do not believe that. We believe that it pro- 
vides the opportunity for the Federal agencies to evaluate how they 
do permitting, and it provides some of the directions to improve 
their permitting process. 

In Alaska we’ve spent a lot of time trying to improve our permit- 
ting process. And a lot of people will take that to mean we’re trying 
to short cut it somehow and reduce protections, and that’s not at 
all the case. 

With every mine project that we permit we learn from previous 
mine projects. We learn from mine projects around the planet, and 
we take what’s worked well, what hasn’t and we build on the next 
mine project. 

So I think we’re in a process of continually improving our permit- 
ting process both environmentally and efficiently, and we believe 
this bill would do that. 

The Chairman. Do you think that any of the Federal agencies 
would carry out the activities that it authorizes in a manner that 
is not environmentally responsible? 

Mr. Fogels. I would certainly hope not. Senator. 

The Chairman. Any other comments? Mr. Conger. 

Mr. Conger. Senator Murkowski, Deputy Commissioner said it 
very well that you’re not giving up environmental safeguards. 
We’ve done it in other countries. It’s all about a view to working 
through a process to get to an end point not to just keep going 
through the process with various agencies all on their own different 
path. 

We, you know, the suggestions that have been made here so we 
can coordinate that. We can eliminate duplication, delays that 
come from that and have the same or better outcomes in less time 
but certainly not less safeguards. 

The Chairman. Certainly. Admiral Cosgriff. 

Admiral CoSGRiFF. I know this isn’t the question you asked but 
something that’s very much on the minds of my members is ad- 
dressed in the bill which is the workforce development. I would 
congratulate you on that and just suggest that when we think 
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about that so the poster child becomes STEM which almost by defi- 
nition tends one to move in the direction of college and advanced 
degrees. 

But a challenge across the electro and medical imaging industry 
is the production workforce readiness too which is a different part 
of the education spectrum. 

So we commend the Committee on addressing the criticality. 
This is a generational shift occurring in our industry, and we are 
actively exploring any and all good ideas and opportunities to team 
with jurisdictions at all level and educators to see if we can get this 
right. 

The Chairman. Thank you for bringing that up because it is an 
absolutely vital piece, not only to this legislation, but again, when 
we look at our workforce that is out there. This is an area that I 
think is very important that we be weighing in and addressing. 

I want to thank you each for your contribution here this morning 
in discussing these issues. We talk a lot here in the Congress about 
made in America. We want everything to be made in America. We 
talk a lot about the fact that we do not like outsourcing. We want 
to bring everything back. 

I think it is so important that we recognize that so many of the 
basics we all start out with, with our phones or whatever, we 
would not be able to utilize them were it not for the guts of them. 
And where do those guts come from? It comes from the ground. 

If we have greater opportunity to take that from the ground here 
and do so in an environmentally responsible way — which as you 
have stated, Mr. Conger, we have higher standards than elsewhere 
around the world — then we should. It seems we do not have a prob- 
lem taking it from another country where their environmental laws 
may be lax or their work safety or their labor laws are abysmal, 
but we will take the resource because we have to have it. We have 
to have it for our computer technologies. We have to have it for our 
renewable energy projects, and we are just going to turn a blind 
eye to how it came to us. 

I do not think that that is responsible. I do not think that is how 
we should be operating when we have that resource, when we have 
that potential. 

So I think it is incumbent upon us. How are we going to define 
exactly what that potential is? How do we ensure that we not only 
know what is in the ground, but how we use responsibly what we 
then take? For purposes of recycling, how we are smart that way. 

I do think that we have opportunities through our laboratories, 
through DOE, to be doing more to build out these technologies that 
will allow us greater opportunities for recycling, looking to what 
those alternatives are, but I am also very cognizant it is not unlike 
the goal that we have for renewable energy in this country. I, too, 
would like to get us off of fossil fuel, but I know that we just cannot 
flip that switch today and be there. So when we talk about alter- 
natives, we need to recognize that there is a transition here, and 
it is going to be years, decades, in coming. 

So how, in the meantime, we allow for a level of security, energy 
security, is what we should be talking about. 

The discussion this morning, I think, is very, very important in 
moving us in that direction. I think what we are seeing from some 
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of the states is good. We can work to replicate that, but let us push 
ourselves in terms of how we, as a nation, do more for our own en- 
ergy security initiatives. It is not just when it comes to oil and gas, 
it is also what we utilize with our minerals. 

Know this Committee is going to be working on these initiatives. 
We will rely on you as the experts that you presented yourselves 
here today. 

Dr. Kimball, thank you for your leadership, again, at USGS. We 
have got a lot of work to do here, but you are clearly very knowl- 
edgeable in the arena and we look forward to working with you as 
we develop this moving forward. 

With that, we stand adjourned. 

[Whereupon, at 11:43 a.m. the hearing was adjourned.] 



369 


APPENDIX MATERIAL SUBMITTED 



370 



II 


114th congress 
IST Seshiok 


S.883 


To facilitate tlie reestablishment of domestic, critical mineral designation, 
aSiSessment, production, manufacturing, recycling, analysis, forecasting, 
workforce, education, and research capabilities in the United States, 
and for other purposes. 


IN THE SENATE OF THE UNITED STATES 

March 26, 2015 

Ms. Mi'RKOWSKi introduced the following bill; which was read twice and 
refeiTcd to the Coniniittee on Energy and Natural Resources 


A BILL 

To facilitate the reestablishment of domestic, critical mineral 
(lesig’iiation, assessment, production, manufacturing, re- 
cyeling, analysi.s, forecasting, workforce, education, and 
research capabilities in the I.hiited States, and for other 
pur])oses. 

1 Be it enacted hy ttie Senate and House of Represent a- 

2 tives of the United. States of America in Congress assembled, 

3 SECTION 1. SHORT TITLE; TABLE OF CONTENTS. 

4 (a) Short Title. — This Act may be cited as the 

5 ‘ ‘American Mineral Security Act of 2 0 1 5 ” . 

6 (b) Table op Contents. — Tlie table of contents of 


7 this Act is as follows: 
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See. 1. Short title; table of eontents. 

See. 2. Definitions. 

TITLE I—DESIGNATIONS AND SUPPLY CHAIN 
See. lOi. Poliey. 

Se(‘. 102. Criti(!Ml mineral desijjimtions. 

See. 103. Resouree assessnioiit. 

Se(e 104. Permitting. 

See. lOi). Ap})lieation of Exeeufive onler. 

See. 106. Finlerai Kegiatci- pTWuiss. 

See. 107. Reeyeling, effunem^y, and altm'iiatives. 

See. 108. Analysis and foreeasting. 

See. 109. Edueation and workforce. 

TITLE n— A1>ML\TSTRATK)N 

See. 201. Repeal. 

See.. 202. Savings clauses. 

1 SEC. 2. DEFINITIONS. 


2 In this Act; 

3 (1) Critical mineral. — 

4 (A) In ceneral. — T he tei’m “critical min- 

5 era!” means any mineral, element, substance, or 

6 material designated as critical pursuant to scc- 

7 tion 102. 

8 (B) Exclusions. — The term “critical 

9 mineral” does not include — 

10 (i) ftiel mincrahs, including oil, natural 

1 1 gas, or any other fossil fuels; or 

12 (ii) water, ice, or snow. 

13 (2) Indian tribe. — The term “Indian tribe” 

14 has the meaning given the term in section 4 of the 

15 Indian Self-Determination and Education Assistance 

16 Act (25 IJ.S.C. 450b). 
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3 

(3) Mineral manufacturing. — The term 
“mineral manufacturing” means— 

(A) the production, processing, refining, 
alloA-ang, separation, concentration, magnetic 
sintering, melting, or bcncficiation of minerals 
within the United States; 

(B) the febrication, assembly, or produc- 
tion, within the United States, of equipment, 
components, or other goods with energy tech- 
nology-, defense-, agriculture-, consumer elec- 
tronics-, or health care-related applications; or 

(C) any other value-added, manufacturing- 
related use of minerals undertaken within the 
United States, 

(4) State. — The term “State” means — 

(A) a State; 

(B) the District of Columbia; 

(C) the Commonwealth of Puerto Rico; 

(D) Guam; 

(E) American Samoa; 

(P) the Commomvcalth of the Northern 
Mariana Islands; and 

(G) the United States Virgin Islands. 
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1 TITLE I— DESIGNATIONS AND 

2 SUPPLY CHAIN 

3 SEC. 101. POLICY. 

4 (a) In General. — S ection 3 of the National Mate- 

5 rials and Minerals Policy, Research and Development Act 

6 of 1980 (30 U.S.C. 1602) is amended in the second sen- 

7 tence — 

8 (1) by striking paragraph (3) and inserting the 

9 following: 

10 “(3) establish an anahtical and forecasting ca- 

1 1 pability for identifying critical mineral demand, sup- 

12 ply, and other factors to allow informed actions to 

13 be taken to avoid sujiply shortages, mitigate price 

14 volatility, and pro])arc for demand grondh and other 

15 market shifts;”; 

16 (2) in paragraph (6), by striking “and” after 

17 the semicolon at the end; 

18 (3) in paragraph (7), by striking the period at 

19 the end and inserting a semicolon; and 

20 (4) by adding at the end the following: 

21 “(8) encourage Federal agencies to facilitate 

22 the availability, development, and enwronmentally 

23 responsible production of domestic resources to meet 

24 national critical material or mineral needs; 
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1 “(9) avoid duplication of effort, prevent unnee- 

2 cssaiy papemork, and minimize delays in the ad- 

3 ministration of applicable laws (including- regnla- 

4 tions) and the issuance of permits and authoriza- 

5 tions necessary to explore for, develop, and produce 

6 critical minerals and to constnict mineral manufac- 

7 turing facilities in accordance TOth applicable envi- 

8 ronmental and land management laws; 

9 “(10) strengthen educational and research ca- 

10 pabilitics and workforce training; 

11 “(11) bolster international cooperation through 

12 technology transfer, information sharing, and other 

13 means; 

14 “(12) promote the efficient production, use, and 

15 recycling of critical minerals; 

16 “(13) develop alternatives to critical minerals; 

17 and 

18 “(14) establish conting-cncies for the production 

19 of, or access to, critical minerals for which \dablc 

20 sources do not (‘xist within the United States.”. 

21 (b) CoNPORMixn Amendment. — Section 2(b) of the 

22 National Materials and Minerals Policy, Research and De- 

23 velopment Act of 1980 (30 U.S.C. 1601(b)) is amended 

24 by striking “(b) As used in this Act, the term” and insert- 

25 ing the following: 
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1 “(b) Definitions. — In this Act: 

2 “(1) Critical mineral. — Tlie term ‘critical 

3 mineral’ means any mineral or element designated 

4 as a critical mineral pursuant to section 10‘2 of the 

5 American Mineral Security Act of 2015. 

6 “(2) Materials. — The term”. 

7 SEC. 102. CRITICAL MINERAL DESIGNATIONS. 

8 (a) Draft Metiiodolocy. — N ot later than 90 days 

9 after the date of enactment of thi.s Act, the Director of 

10 the United States Geological Sunny (referred to in this 

11 title as the “Director”), in consultation with relevant Fed- 

12 era! agencies and entities, shall imblish in the Federal 

13 Register for public comment a draft methodology for de- 

14 termining which minerals qualify as critical minerals 

15 based on an assessment of whether the minerals arc — 

16 (1) subject to iiotcntial supply restrictions (in- 

17 eluding restrictions associated with foreign ]}olitical 

18 risk, abrupt demand growth, militaiy conflict, \iolent 

19 unrest, anti-competitive or protectionist bchawors, 

20 and other risks throughout the supply chain); and 

21 (2) important in use (including cnergj' tech- 

22 nologj'-, defense-, currency-, agriculture-, consumer 

23 electronics-, and health care-related aiiplications). 

24 (b) Availability op Data.— I f available data is in- 

25 sufficient to proUde a quantitative basis for tlie method- 
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1 ology developed under t.his section, qualitative e^^dence 

2 may be used to the extent necessaiyo 

3 (e) PinaIj Methodology. — ^After reviewing public 

4 comments on the draft methodology^ under subsection (a) 

5 and updating the draft methodologj' as appropriate, not 

6 later than 270 days after the date of enactment of this 

7 Act, the Director shall publish in the Federal Register a 

8 description of the final methodology^ for determining wiiich 

9 minerals qualify as critical minerals. 

10 (d) Deskjnations, — 

11 (1) In general. — For purposes of earning out 

12 this title, the Director shall maintain a list of min- 

13 erals and elements designated as critical, pursuant 

14 to the methodology' under subsection (e). 

15 (2) Initial list. — Subject to paragraph (1), 

16 not later than 1 year after the date of enactment of 

17 this Act, the Director shall publish in the Federal 

18 Register an initial list of minerals designated as crit- 

19 ical pursuant to the final methodology under sub- 

20 section (c) for the purpose of eariying out this title. 

21 (3) Inclusions. — Notwithstanding the criteria 

22 under subsection (a), any mineral or clement dctcr- 

23 mined by another Federal agency to be strategic and 

24 critical to the defense or national security of the 

25 United States may be — 
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1 (A) considered to be a critical mineral; and 

2 (B) included on the list developed by the 

3 Director under this subsection. 

4 (e) Subsequent RE\aEW. — 

5 (1) In general. — The Director shall re\iew 

6 the mctliodologv' and designations under subsections 

7 (c) and (d) at least every 2 years, or more frequently 

8 as the Director considers to be appropriate. 

9 (2) Re\tsions. — S ubject to subsection (d)(1), 

10 the Director may — 

11 (A) re\TS0 the methodology described in 

12 this section; 

13 (B) determine that minerals or elements 

14 previously determined to be critical minerals arc 

15 no longer critical minerals; and 

16 (C) designate additional minerals or ele- 

17 ments as critical minerals. 

18 (f) Notice. — On finalization of the methodology'' 

19 under subsection (c), the list under subsection (d), or any 

20 revision to the methodology' or list under subsection (e), 

21 the Director shall submit to Congress ■written notice of the 

22 action. 

23 SEC. 103. RESOURCE ASSESSMENT. 

24 (a) In General. — Not later than 4 ynars after the 

25 date of enactment of this Act, in consultation with appliea- 
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1 ble State (including geological surveys), local, academic, 

2 industry, and other entities, the Director shall complete 

3 a comprehensive national assessment of each critical min- 

4 eral that — 

5 (1) identifies and quantifies known critical min- 

6 eral resources, using all available public and private 

7 information and datasets, including exploration his- 

8 tories; and 

9 (2) ])rowdes a quantitative and qualitative as- 

10 sessmcnt of undiscovered critical mineral resources 

11 throughout the United States, including probability 

12 estimates of tonnage and grade, using all available 

13 public and private information and datasets, includ- 

14 ing ex])loration histories. 

15 (b) Supplementary Information. — In eanying 

16 out this section, the Director may carry out sunxys and 

17 field work (including drilling, remote sensing, geophysical 

18 suixeys, geological mapjiing, and geochemical sampling 

19 and analysis) to .supiilement existing information and 

20 ilatasets available for determining the existence of critical 

21 minerals on— 

22 (1) Federal land; 

23 (2) Indian tribal land, at the request or with 

24 the consent of the Indian tribe; and 
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1 (3) State land, at the request or with the eon- 

2 sent of the Govenior of the State. 

3 (c) Technical Assistance. — At the request of the 

4 Governor of a State or the head of an Indian tribe, the 

5 Director may provide technical assistance to State govern- 

6 ments and Indian tribes conducting critical mineral re- 

7 source assessments on non-Fedcral land. 

8 (d) Prioritization. — 

9 (1) In general. — The Director may sequence 

10 the com]ilction of resource assessments for each erit- 

11 ieal mineral such that critical minerals considered to 

12 be most critical under the methodology established 

13 under section 102 arc comiilctcd first. 

14 (2) Reporting. — During the period beginning 

15 not later tlian 1 year after the date of enactment of 

16 this Act and ending on the date of completion of all 

17 of the assessments required under this section, the 

18 Director shall submit to Congress on an annual 

19 basis an interim report that — 

20 (A) identifies the se(|uence and schedule 

21 for completion of the assessments if the Direc- 

22 tor se(]uences the assessments; or 

23 (B) describes the jirogrcss of the assess- 

24 ments if the Director does not sequence the as- 

25 sessments. 
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1 (e) Updates. — The Director may periodically update 

2 the assessments conducted under this section based on — 

3 (1) the generation of new information or 

4 datasets by the Federal Government; or 

5 (2) the receipt of new information or datasets 

6 from critical mineral producers, State geological sur- 

7 veys, academic institutions, trade associations, or 

8 other entities or indhiduals. 

9 (f) Additional Surat^ys. — The Director shall eom- 

10 ])letc a resource assessment for each additional mineral 

11 or clement subseciuently designated as a critical mineral 

12 under section 102(e)(2) not later than 2 years after the 

1 3 designation of the mineral or element. 

14 (g) Report. — Not later than 2 years after the date 

15 of enactment of this Act, the Director shall submit to Con- 

16 gi'css a report describing the status of geological sun'ejdng 

17 of Federal land for any mineral commodity— 

18 (1) for which the United States was dei)cndent 

19 on a foreign country for more than 25 iicreent of the 

20 United States supply, as depicted in the re])ort 

21 issued by the United States Geological Sunny enti- 

22 tied “Mineral Commodity Summaries 2015”; but 

23 (2) that is not designated as a critical mineral 

24 under section 102. 
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1 SEC. 104. PERMITTING. 

2 (a) Performance Improvements. — To improve 

3 the quality and timeliness of decisions, the Secretary of 

4 the Interior (acting through the Director of the Bureau 

5 of Land Management) and the Secretary of Agriculture 

6 (acting through the Chief of the Forest Semce) (referred 

7 to in this section as the “Secretaries”) shall, to the max- 

8 imum extent practicable, with respect to critical mineral 

9 production on Federal land, complete P''cderal ]3ermitting 

10 and re\icw jiroccsses with maximum efficiency and effcc- 

1 1 tivcncss, while supiiorting \ital economic growth, by — 

12 (1) establishing and adhering to timelines and 

13 schedules for the consideration of, and final deci- 

14 sions regarding, applications, operating plans, leases, 

15 licenses, permits, and other use authorizations for 

16 mineral-related activities on Federal land; 

17 (2) establishing clear, quantifiable, and tem- 

18 poral permitting performance goals and tracking 

19 l^rogi-css again.st those goals; 

20 (3) engaging in early collaboration among agen- 

21 cies, project sponsors, and affected .stakeholders — 

22 (A) to incorporate and address the inter- 

23 ests of those parties; and 

24 (B) to minimize delajT?; 

25 (4) ensuring transparency and accountability by 

26 using cost-effective information technology to collect 
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1 and disseminate information regarding individual 

2 projects and agency performance; 

3 (5) engaging in early and active consultation 

4 with State, local, and Indian tribal governments to 

5 avoid conflicts or duplication of effort, resolve eon- 

6 corns, and allow for concurrent, rather than sequen- 

7 tial, reviews; 

8 (6) providing demonstrable improvements in the 

9 performance of Federal permitting and review proe- 

10 esses, including lower costs and more timely deci- 

1 1 sions; 

12 (7) cxi)anding and institutionalizing permitting 

13 and review^ ])rocess improv'cments that have proven 

14 effective; 

15 (8) develoi)ing mechanisms to better commu- 

16 nieate priorities and resolve dis])utes among agencies 

17 at the national, r-cgional, State, and local levels; and 

18 (9) dcveloyring other practices, such as 

19 preapplication procedures. 

20 (b) Revuevv" and Report. — Not later than 1 year 

21 after the date of cnactmeut of this Act, the Secretaries 

22 shall submit to Congress a reyrort that — 

23 (1) identifies additional measures (including 

24 regulatory and legislative proposals, as appropriate) 

25 that would increase the timeliness of permitting ac- 
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1 thdties for the exjoloration and development of do- 

2 mestic critical mineraLs; 

3 (2) identifies options (including cost recover}' 

4 paid by permit applicants) for ensuring adequate 

5 staffing and training of Federal entities and per- 

6 sonnel responsible for the consideration of applica- 

7 tions, operating plans, leases, licenses, i)ermits, and 

8 other use authorizations for critical mineral-related 

9 activities on Federal land; 

10 (3) quantifies the amount of time typically re- 

11 quired (including range derived from minimum and 

12 maximum durations, mean, median, variance, and 

13 other statistical measures or rci^resentations) to 

14 complete each step (including those as])ects outside 

15 the control of the executive branch, such as judicial 

16 review, applicant decisions, or State and local gov- 

17 ernment involvement) associated with the develop- 

18 ment and processing of applications, operating 

19 plans, leases, licenses, permits, and other use au- 

20 thorizations for critical mineral-related activities on 

21 Federal land, which shall sen-e as a baseline for the 

22 performance metric under subsection (c); and 

23 (4) describes actions carried out pursuant to 

24 subsection (a). 
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1 (c) Performance Metric. — Not later than 90 days 

2 after the date of submission of the report under subsection 

3 (b), the Secretaries, after providing public notice and an 

4 opportunity to comment, shall develop and publish a per- 

5 formanco metric for evaluating the progress made by the 

6 executive branch to ex|3edite the permitting of activities 

7 that mil increase ex]iloration for, and development of, do- 

8 mestic critical minerals, while maintaining cmironmental 

9 standards. 

10 (d) iVNNUAii Reports. — Beginning mth the first 

11 budget submission by the President under section 1105 

12 of title 31, United States Code, after publication of the 

13 performance metric rccpiired under subsection (c), and an- 

14 nually thereafter, the Secretaries shall submit to Congress 

15 a report that — 

16 (1) summarizes the implementation of ree- 

17 ommendations, measures, and options identified in 

18 paragTaphs (1) and (2) of subsection (b); 

19 (2) using the performance metric under sub- 

20 section (c), describes progi'ess made by the executive 

21 branch, as compared to the baseline established pur- 

22 suant to subsection (b)(3), on expediting the permit- 

23 ting of actmties that will increase exploration for, 

24 and development of, domestic critical minerals; and 
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1 (3) comyjarcs the United States to other couii- 

2 tries in terms of permittinij effieieney and any other 

3 criteria relevant to the globally competitive critical 

4 minerals industrj^ 

5 (e) iNDmDUAL Projects. — U sing data from the 

6 Secretaries generated under subsection (d), the Director 

7 of the Office of Management and Budget shall prioritize 

8 inclusion of individual critical mineral j^rojects in the per- 

9 mit performance dashboard. 

10 (f) Report of Small Busixess Administra- 

11 TIOX. — Not later than 1 year and 300 days after the date 

12 of enactment of this Act, the Administrator of the Small 

13 Business Administration shall submit to the applicable 

14 committees of Congress a report that assesses the per- 

1 5 formanee of rederal agencies with resijcct to — 

16 . (1) eomphang with chapter 6 of title 5, United 

17 States Code (commonly known as the “Regulatory 

18 Flexibility Act”), in promulgating regulations apioli- 

19 cable to the critical minerals industry"; and 

20 (2) performing an analysis of rcgidations appli- 

21 cable to the critical minerals industiA' that may be 

22 outmoded, inefficient, du])licative, or excessively bur- 

23 densome. 
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1 SEC. 105. APPLICATION OF EXECUTIVE ORDER. 

2 Domestic mines that will produce critical minerals 

3 and critical mineral manufacturing projects shall be con- 

4 sidered to be infrastructure projects, as described in Exec- 

5 utive Order 13604 (5 U.S.C. 601 note; relating to improv- 

6 ing performance of Federal ])ermitting and rewcw of infra- 

7 structure projects). 

8 SEC. 106. FEDERAL REGISTER PROCESS. 

9 (a) Preparation. — The preparation of Federal Reg- 

10 ister notices required by law associated with the issuance 

11 of a critical minei-al ex])loration or mine permit shall be 

12 delegated to the organizational level within the agency re- 

13 sponsible for issuing the critical mineral ex]iloration or 

14 mine permit. 

15 (b) Transmission. — ^All Federal Register notices re- 

16 garding official document availaliility, announcements of 

17 meetings, or notices of intent to undertake an action shall 

18 be originated in, and transmitted to the Federal Register 

1 9 from, the office in which, as apiilicable — 

20 (1) the documents or meetings are held; or 

21 (2) the activity is initiated. 

22 (c) Departmental Revtbw. — ^Absent any extraor- 

23 dinarv^ circumstance, and except as othemwse required by 

24 law, each Federal Register notice described in subsection 

25 (a) .shall be — 
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1 (1) subject to any required reviews within the 

2 Department of the Interior or the Department of 

3 Agrieulture; and 

4 (2) published in final form in the Federal Reg- 

5 ister not later than 45 days after the date of initial 

6 preparation of the notice. 

7 SEC. 107. RECYCLING, EFFICIENCY, AND ALTERNATIVES. 

8 (a) Establishment. — The Secretary of Energy, in 

9 consultation with the Director, shall conduct a program 

10 of research and develoinncnt — 

11 (1) to promote the efficient iiroduction, use, 

12 and recycling of critical minerals througliout the 

13 supply cliain; and 

14 (2) to develop alternatives to critical minerals 

15 that do not occur in significant abundance in the 

16 United States. 

17 (b) Cooperation.— I n carrjdng out the program, the 

18 Secretary of Energy shall cooperate with appropriate — 

19 (1) Federal agencies and National Laboratories; 

20 (2) critical mineral producers; 

21 (3) critical mineral processors; 

22 (4) critical mineral manufacturers; 

23 (5) trade associations; 

24 (6) academic institutions; 

25 (7) small businesses; and 
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1 (8) other relevant entities or indmduals. 

2 (c) AcTmTiES. — Under the program, the Secrctarj^ 

3 of Energy, in consultation wth the Director, shall carry 

4 out activities that include the identification and develop- 

5 merit of— 

6 (1) advanced critical mineral extraction, pro- 

7 duction, separation, allojdng, or processing tech- 

8 nologies that decrease the energy consumption, envi- 

9 ronmental impact, and costs of those actmties, in- 

10 eluding — 

11 (A) efficient water and wastewater man- 

12 agement strategics; 

13 (B) technologies and management stratc- 

14 gies to control the cn\ironmental impacts of 

15 radionuclides in ore tailings; and 

16 (C) technologies for separation and proc- 

17 essing; 

18 (2) technologies or process improvements that 

19 minimize the use, or lead to more efficient use, of 

20 critical minerals across the full supply chain; 

21 (3) technologies, process im))rovements, or de- 

22 sign optimizations that facilitate the recycling of 

23 critical minerals, and options for improUng the rates 

24 of collection of products and scrap containing critical 
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1 minerals from post-consumer, industrial, or other 

2 waste streams; 

3 (4) commercial markets, advanced storage 

4 methods, energv' applications, and other beneficial 

5 uses of critical minerals processing b\q)roduets; 

6 (5) alternative minerals, metals, and materials, 

7 particularly those available in abundance within the 

8 United States and not subject to potential supply re- 

9 strictions, that lessen the need for critical minerals; 

10 and 

11 (6) alternative energy technologies or alter- 

12 native designs of existing energy technologies, par- 

13 ticularly those that use minerals that — 

14 (A) occur in abundance in the United 

15 States; and 

16 (B) are not subject to ])otential supply re- 

17 strictions. 

18 (d) Reports. — Not later than 2 years after the date 

19 of enactment of this Act, and annually thereafter, the See- 

20 rctaiy of Energy- shall submit to Congress a report sum- 

21 marizing the actmtics, findings, and progress of the iiro- 

22 gram. 

23 SEC. 108. ANALYSIS AND FORECASTING. 

24 (a) Capabilities. — In order to evaluate existing erit- 

25 ieal mineral policies and inform future actions that may 
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1 be taken to a^oid supply shortages, mitigate price vola- 

2 tility, and prepare for demand grondli and other market 

3 shifts, the Director, in consultation with the Energy Infor- 

4 mation Administration, academic institutions, and others 

5 in order to maximize the ajoplieation of existing com- 

6 potencies related to developing and maintaining computer- 

7 models and similar analytical tools, shall conduct and pub- 

8 lish the results of an annual report that includes — 

9 (1) as part of the annually published Mineral 

10 Commodity Summaries from the United States Geo- 

11 logical Suney, a comprehensive review of critical 

12 mineral ]jroduction, consumption, and recycling pat- 

13 terns, including — 

14 (A) the quantity of each critical mineral 

15 domesti(;ally produced during the preceding 

16 year; 

17 (B) the {luantity of each critical mineral 

18 domestically consumed during the preceding 

19 year; 

20 (C) market price data or other price data 

21 for each critical mineral; 

22 (D) an assessment of — ■ 

23 

24 
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needs of the United States during the pre- 
ceding year; 

(ii) the reliance of the United States 
on foreign sources to meet those needs 
during the preceding year; and 

(iii) the implications of any supply 
shortages, restrictions, or disruptions dur- 
ing the preceding year; 

(E) the quantity of each critical mineral 
domestically recycled during the preceding year; 

(F) the market penetration during the pre- 
ceding year of alternatives to each critical min- 
eral; 

(G) a discussion of international trends as- 
sociated with the discover\', production, con- 
sumption, use, costs of ])roduetion, prices, and 
recycling of each critical mineral as well as the 
development of alternatives to critical minerals; 
and 

(H) such other data, analyses, and evalua- 
tions as the Director finds arc necessaiy to 
achieve the purposes of this section; and 

(2) a com])rehensivc forecast, entitled the “i\n- 
nual Critical Minerals Outlook”, of ])rojected critical 


•S 883 IS 



392 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 


23 

mineral production, consumption, and recycling pat- 
terns, inekiding— 

(A) the quantity of each critical mineral 
projected to be domestiealfy produced over the 
subsetpient l-year, 5-ycar, and 10-year periods; 

(B) the quantity of each critical mineral 
projected to be domestically consumed over the 
subsequent 1-year, 5-year, and 10-year periods; 

(C) an assessment of — 

(i) critical mineral requirements to 
meet projected national security, energy, 
economic, industrial, technological, and 
other needs of the United States; 

(ii) the projected reliance of the 
United States on foreign sources to meet 
those needs; and 

(iii) the ])rojected implications of po- 
tential supply shortages, restrictions, or 
disruptions; 

(D) the quantity of each critical mineral 
projected to be domestically recycled over the 
subsequent l-ycar, 5-ycar, and 10-year periods; 

(E) the market penetration of alternatives 
to each critical mineral projected to take place 
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1 over the subsequent 1-year, 5-year, and 10-year 

2 periods; 

3 (P) a discussion of I'easonably foreseeable 

4 international trends associated with the dis- 

5 coverj', production, consumption, use, costs of 

6 production, and recycling of each critical miii- 

7 eral as well as the development of alternatives 

8 to critical minerals; and 

9 (G) such other i^rojcctions relating to each 

10 critical minei-al as the Director determines to be 

11 necessary to achieve the i)uiposes of this sec- 

12 tion. 

13 (b) Proprietary Information. — In jireparing a rc- 

14 port described in subsection (a), the Director shall ensure, 

15 consistent with section 5(f) of the National Materials and 

16 Minerals Policy, Research and Development Act of 1980 

17 (30 U.S.C. 1604(f)), that— 

18 (1) no person uses the information and data 

19 collected for the reiiort for a purpose other than the 

20 development of or reporting of aggregate data in a 

21 manner such that the identity of the person or firm 

22 who supplied the information is not discernible and 

23 is not material to the intended uses of the informa- 

24 tion; 
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1 (2) no person discloses any information or data 

2 collected for the report unless the information or 

3 data has been transformed into a statistical or ag- 

4 gregate form that does not allow the identification of 

5 the person or firm who supplied particular informa- 

6 tion; and 

7 (3) procedures are established to require the 

8 withholding of any information or data collected for 

9 the report if the Director determines that udth- 

10 holding is neccssaiy to protect proprietaiy informa- 

11 tion, including any trade secrets or other confiden- 

12 tial information. 

1 3 SEC. 109. EDUCATION AND WORKFORCE. 

14 (a) Workforce Aksessmext. — Not later than 1 

15 year and 300 days after the date of enactment of this Act, 

16 the Secretary of Labor (in consultation until the Director, 

17 the Director of tlic National Science Foundation, institu- 

18 tions of higher education with substantial expertise in 

19 mining, and employers in the critical minerals sector) shall 

20 submit to Congress an assessment of the domestic avail- 

21 ability of technically trained personnel necessary for crit- 

22 ical mineral cx])loration, development, assessment, produc- 

23 tion, manufacturing, recycling, analysis, forecasting, edu- 

24 cation, and research, including an analysis of — 
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1 (1) skills that are in the shortest supply as of 

2 the date of the assessment; 

3 (2) skills that are projected to be in short sup- 

4 ply in the future; 

5 (3) the domo^yi-aphics of the critical minerals in- 

6 dustry and how the demographics -wdll evolve under 

7 the influence of factors such as an aging workforce; 

8 (4) the effectiveness of training and education 

9 programs in addressing skills shortages; 

10 (5) opportunities to hire locally for new and cx- 

1 1 isting critical mineral acthities; 

12 (6) the sufficiency of personnel within relevant 

13 areas of the Federal (lovcrnment for achieving the 

14 policies described in section 3 of the National Mate- 

15 rials and Minerals Policy, Research and Develop- 

16 ment Act of 1980 (30 U.S.C. 1602); and 

17 (7) the potential need for new training j^ro- 

18 grams to have a measurable effect on the supply of 

19 trained workers in the critical minerals industiy. 

20 (b) Curriculum Sttuiy. — 

21 (1) In CENEiiAij. — The Director and the Sec- 

22 retaiw' of Labor shall jointly enter into an arrange- 

23 ment with the National Academy of Sciences and the 

24 National Academy of Engineering under wiiich the 
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Academies shall coordinate mth the National 
Science Foundation on conducting a study — 

(A) to design an interdisciplinary program 
on critical minerals that wall support the critical 
mineral supply chain and improve the ability of 
the United States to increase domestic, critical 
mineral exiiloration, development, production, 
manufacturing, and recycling; 

(B) to address undergraduate and grad- 
uate education, especially to assist in the devel- 
opment of gi-adnatc level programs of research 
and instruction that lead to advanced degrees 
witli an emphasis on the critical mineral supply 
chain or other positions that vill increase do- 
mestic, critical mineral exploration, develop- 
ment, production, manufacturing, and recycling; 

(C) to develop guidelines for proposals 
from institutions of higher education vdth sub- 
stantial capabilities in the required disciplines 
for acthdties to improve the critical mineral 
supply chain and advance the capacity of the 
United States to increase domestic, critical min- 
eral exploration, research, development, produc- 
tion, manufacturing, and recycling; and 
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1 (D) to outline criteria for evaluating per- 

2 formauee and recommendations for the amount 

3 of funding that will be necessan' to establish 

4 and carry out the progi-am described in sub- 

5 section (c). 

6 (2) llEPORT. — Not later than 2 years after the 

7 date of enactment of this Act, the Director shall 

8 submit to Congress a description of the results of 

9 the study required under paragTai)h (1). 

10 (c) Program. — 

11 (1) Establishment. — The Director and the 

12 Secretary of Labor shall jointly conduct a competi- 

13 tive grant program under wiiich institutions of liigh- 

14 er education may apply for and receive 4-year grants 

15 for — 

16 (A) startu)} costs for newly designated fac- 

17 ulty positions in integrated critical mineral edu- 

1 8 cation, research, innovation, training, and wnrk- 

19 force development programs consistent with 

20 subsection (b); 

21 (B) internships, scholarships, and fellowf- 

22 ships for students enrolled in programs related 

23 to critical minerals; 
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1 (C) equipment neeessaiy for integrated 

2 critical mineral innovation, training, and work- 

3 force development programs; and 

4 (D) research of critical minerals and their 

5 applications, particularly concerning the manu- 

6 facture of critical components \ital to national 

7 security. 

8 (2) Renewal. — grant under this subsection 

9 shall be renewable for up to 2 additional 3-year 

10 terms based on performance criteria outlined under 

11 subsection (b)(1)(D). 

12 TITLE II— ADMINISTRATION 

13 SEC. 201. REPEAL. 

14 (a) In Gexehal. — T he National Critical Materials 

15 Act of 1984 (30 IJ.S.C. 1801 ct seq.) is repealed. 

16 (b) C<)XP()KMix(i iV.MEXi)MEXT. — Section 3(d) of the 

17 National Supcrcon<lucti\ity and Competitiveness Act of 

18 1988 (15 U.S.C. 5202(d)) i.s amended in the first sentence 

19 by striking with the assistance of the National Critical 

20 Materials Council as specified in the National Critical Ma- 

21 tcrials Act of 1984 (30 U.S.C. 1801 et seq.),”. 

22 SEC. 202. SAVINGS CLAUSES. 

23 (a) Ix General.— N othing in this Act or an amend- 

24 ment made by this Act modifies any re(]uirement or au- 

25 thority prowded by the matter under the heading “GEO- 
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1 LOGICAL SURVEY” of the first section of the Act of 

2 March 3, 1879 (43 U.S.C. 31(a)). 

3 (b) Potash. — N othing in this Act affects any aspect 

4 of Secretarial Order 3324, issued by the Secretary of the 

5 Interior on December 3, 2012, with respect to potash and 

6 oil and gas operators. 

O 
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May 12, 2015 Hearing: 883, the American Mineral Security Act of 2015 
Questions for the Record Submitted to Dr. Suzette Kimball 


Questions from Chairman Lisa Murkowski 

Question 1 : USGS releases a “Mineral Commodity Summaries” report each year - and, 
each year it seems to show that our nation’s foreign dependence is rising. 

a. What is driving our foreign mineral dependence? 

Mineral resources are the building blocks of modern civilization and no country is 
lOOVo self-dependent. Indeed, trading minerals has been the norm throughout 
history. Although free trade of mineral goods is widespread, it is recognized that 
dependence on restricted supply chains or a single source can lead to problems, as 
was recently realized with Chinese dominance of the rare earth element market. 

The USGS continues to monitor the production and consumption of mineral 
resources as a foundation of policy, diplomatic, and defense choices. 

b. USGS reported that the U.S. was more than 50 percent dependent on foreign 
nations for our supply of at least 43 minerals in 2014. Generally speaking, 
have we surveyed our nation’s lands for those minerals? 

USGS monitors the production and consumption of mineral resources as reported 
annually in the Mineral Commodity Summaries. For selected mineral commodities 
such as REE (Long et al., 2010) and copper (Johnson et al., 2014) the USGS has 
produced reports on the number and extent of deposits. The USGS has produced 
assessments of selected areas, such as lands being considered for wilderness 
designation, for a range of mineral commodities or for larger areas for selected 
mineral commodities, such as global copper. To do an assessment of a large area for 
43 different mineral commodities would be a very complex undertaking. As 
introduced in the lO'*" Congress, S. 1600, the Critical Minerals Policy Act of 2013, 
would have authorized $20M for an assessment of a group of critical minerals. 

Question 2 : Having good information about domestic and foreign production is 
important to understanding the overall supply picture for a given mineral. 

a. What impediments, if any, does USGS face in collecting supply-related data 
in the U.S., and how do those impediments relate to the authority USGS has to 
collect such data? 

Mineral commodity information is collected from a large number of public and 
private sources. Adequate authority exists to collect this information and there is a 
good working partnership between the USGS and information sources. The pace of 
collection of supply-related data in the U.S. would have to be balanced with other 
Administration priorities and legislative requirements for the activities of the USGS. 
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b. How does USGS gather information globally, and are there opportunities for 
additional international cooperation to improve that data? 

The USGS has enjoyed robust cooperation with other geological surveys and 
organizations around the world. This is exemplified by the recently complete global 
copper assessment that lists hundreds of cooperators around the world (Johnson et 
al., 2014). USGS continues to work with and attempt to increase cooperation with 
international partners, such as the European Union. For example, the US recently 
welcomed South Korea to the trilateral alliance among U.S.-Japan-EU in efforts to 
track information concerning REE and other critical minerals. 


Questions from Senator John Barrasso 

Question 1 : Would you discuss the quality of the rare earth and critical mineral resources 
that exist in Wyoming? 

The main rare earth and critical mineral resource deposit in Wyoming is the Bear 
Lodge deposit. This deposit was described and compared to the 38 known such 
deposits in the U.S. by Long et al. (2010). It was ranked in the top three of those 38 
deposits in terms of likelihood of development. Since it is in active development by 
Rare Element Resources Ltd., a publicly traded mineral resource company, the 
most current information about the deposit can be obtained from the company 
itself. 

Question 2 : How do Wyoming’s rare earth and critical mineral deposits compare to other 
rare earth and critical mineral deposits in the country and the world? 

The main rare earth and critical mineral resource deposit in Wyoming is the Bear 
Lodge deposit. This deposit was described and compared to the 38 known such 
deposits in the U.S. by Long et al. (2010). It was ranked in the top three of those 38 
deposits in terms of likelihood of development. Since it is in active development by 
Rare Element Resources Ltd., a publicly traded mineral resource company, the 
most current information about the deposit can be obtained from the company 
itself. 

Question 3 : In your written testimony, you state that: “in 2014 the United States was 
100 percent dependent on foreign suppliers for 19 mineral commodities and more than 50 
percent dependent on foreign sources for an additional 24 mineral commodities.” You 
explain that the United States imports minerals from Brazil, Canada, France, Germany, 
Japan, and Mexico as well as China, Russia, and Venezuela. 

To what extent would increasing mineral production on federal public lands decrease our 
country’s dependence on foreign suppliers of these mineral commodities? 


2 



402 


U.S. Senate Committee on Energy and Natural Resources 
May 12, 2015 Hearing: 883, the American Mineral Security Act of 2015 
Questions for the Record Submitted to Dr. Suzette Kimball 


Increased mineral production on Federal public lands in the U.S. would increase the 
availability of domestically produced mineral resources and could potentially 
reduce dependence on foreign suppliers of these mineral commodities. However, 
mineral commodities are bought and sold as global commodities, and therefore an 
increase in the availability of mineral resources in this country may not necessarily 
reduce dependence on foreign supplies because mine operators are free to sell the 
extracted minerals to other countries for processing or use. 


Questions from Senator Jeff Flake 

Question 1 : Your testimony states that “many of the activities called for in S.883 are 
already authorized by existing authorities,” that the activities “to fulfill the objectives of 
the bill would require substantial resources,” and in particular that the resource 
assessments called for in section 103 are “beyond the current budget capacity of the 
uses.” Can you please elaborate on which authorities in S.883, in your view, already 
exist, and what the effect enacting S.883 as written would have on other USGS activities. 

The authority to define and assess critical mineral resources within the U.S. follows 
directly from the founding Organic Act of 1879, which provided for "the 
classification of the public lands and examination of the geological structure, 
mineral resources, and products of the national domain." S.883 requires the USGS 
to define and assess critical mineral resources within the U.S. but as currently 
written does not authorize any funds to carry out this mandate. Such a mandate 
would have to be balanced with other Administration priorities and legislative 
requirements for the activities of the USGS. 

References cited: 


Johnson, K.M., Hammarstrom, J.M., Zientek, M.L., and Dicken, C.L., 2014, Estimate of 
imdiscovered copper resources of the world, 2013: U.S. Geological Survey Fact Sheet 
2014-3004, 3 p., http://pubs.usgs.gOv/fs/2014/3004/ 

Long, K.R., Van Gosen, B.S., Foley, N.K., and Cordier, Daniel, 2010, The principal rare 
earth elements deposits of the United States — ^A summary of domestic deposits and a 
global perspective: U.S. Geological Survey Scientific Investigations Report 2010-5220, 
96 p., available at http://pubs.usgs.gov/sir/2010/5220/ 
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GOVEUN'OR BILL WALKER 


May 20, 2015 

Senator Lisa Murkowski 
Chairman 

US Senate Committee on Energy and Natural Resources 
Washington, DC 20510-6150 

Senator Murkowski, 

This letter is iir response to tlvec questions you asked me as follow-up to my testimony last week in the Senate Energy 
and Natural Resources Committee. My responses follow each of your three questions below. Also, Senator Manchin 
asked a question of me during the hearing, and that response is also below. 

a. How much of Alaska has been mapped so far, at a level or scale that is useful for potential mineral 
production? 

Response: Currently roughly 17% of the stale's 660,000 square miles has been geologically mapped at a 
scale sufficient to support mineral exploration. The unmapped area of Alaska (550.000 square miles) is equal 
to the combined areas of Washington, Oregon. California. Nevada and Arizona. 

b. At current rates, how long would it take to map all of Alaska? 

Response: The remaining 550,000 square miles that have not been mapped will lake about 400 years to 
complete at our current pace. 

c. If Alaska were better or even fiilly mapped, what do you think that would mean for private interest 
in our State, and for the production of strategic and critical minerals for our nation? 

Respon.se: Understanding geology is essential for discovety. and mapping is fundamental to understanding 
the geology. It is beyond question that a fully mapped Alaska would increase our understanding of the 
geology, increase mineral exploration by pri\>ate companies, and result in the dewhpment of additional 
mines. By any mea.sure Alaska is underdeveloped relative to ii.s peers. From its latge .size and vast nulurul 
resource endowmem, Alaska should haw many more large mines in production, and greater mapping 
coverage would promote their discover^' and development. As Alaska is well endowed with .strategic and 
critical minerals this wilt translate into givaier domestic production, and enhanced national .security. 

Reium on basic geoscience can occur rapidly, as ivn.v the case at the Livengood and Pogo deposits in Ata.ska. 
where discoveiy of over 22 million ounces of gold occurred within a couple of years of release of information 
by the Stale of Alaska. Or. it can occur over a prolonged period, as was the case recently where a company 
staked mining claims covering 23.000 acres in the Richardson area based on a Slate of Alaska airborne 
geophysical surwy released in J 994. It is routine for claim staking, and e.xplotxition activity to pick up in 
areas of newly released government data, and there i.\ little doubt that public data spurs exploration activity. 
Our Canadian counterparts are seeing just this as a residt of a government-funded mapping project under 
way in Canada. The Canadian government is cuirently inwsiing $14 M/year in ha.s ic mapping 
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(lut ps:i/\\-\m\urcxinj^cx x i/cin-ih~scicncL\s/rcsi>urtx’s/h‘(kT (il -pro y: n i ms/^vomappin^-cncr\iv-ini)K‘r(ils/l(}9()4) . 
This investment has already led to direct and indirect private sector investment ofS340M. and discoveries of 
significant copper-gold-silvcr deposits. It is estimated that over the next 1 0-15 years, this new geoscience will 
generate more than $500 million in economic activity through private sector exploration for new energy and 
mineral resources. Similar, or greater returns would he anticipated in Alaska, where existing public data is 
more limited than in Canada. 


Also at the hearing. Senator Manchin asked all the panelists to submit any information to validate the claim that currently 
the United States cannot meet its own demand for strategic and critical minerals from domestic sources. I would like to 
resubmit Appendix I, from near the end of my written testimony for the hearing. It shows U.S. import reliance for many 
strategic and critical minerals, including a 1 00% reliance on 19 of these important minerals. This figure also shows which 
of these minerals has been produced in Alaska, or cmild be produced here. 


I hope this infonnation is useful to you and your committee. 

EdFogels ' 

Deputy Commissioner 


Cc: Kip Knudson, Director State & Federal Relations. Office of the Governor 

Greg Conrad. Executive Director, Interstate Mining Compact Commission 
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2014 U.S. Import Reliance For Minerals and Mineral Materials 



1 Current Alaska 


I Production 



Past & Potential 
Alaska Production 


Potential Future 
Alaska Production 


□ 


Very Low Potential 
Alaska Production 


United States’ import reliance on selected minerals (Source: USGS Mineral Commodity 
Summaries, 2015). Modified to show Strategic and critical minerals (highlighted in yellow), and 
Alaska’s current (red), past and potential (green), and potential future production (blue) 
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Questions from Chairman Lisa Murkowski 

Question 1 : In your experience, do you agree that minerals and materials are one of the 
leading supply chain concerns for manufacturing executives? Are our companies left 
vulnerable, if we are not producing the minerals and materials they rely on? 

Answer: Chairman Murkowski, thank you for the question. Availability of minerals and 
material inputs is one of many concerns manufacturing executives have. This matter 
stands alongside availability of affordable energy, work-ready employees, and the 
cumulative stale, federal and international regulatory burden. 

However, as I noted in my formal statement, challenging supply conditions and volatile 
prices of basic mineral inputs can he a significant risk for U.S. electroindustry 
companies, including in sectors such as lighting, electric motors, energy storage, 
superconducting materials, and medical imaging, as well as closely related industries 
including wind and solar electricity generation and hybrid/electric vehicles. 

Also, it is important to repeat that just as enterprises do not engage in extraction or 
processing of mineral resources if they believe there is no market demand, a firm will not 
design and plan to manufacture a product without some reasonable assurance that the 
inputs necessary will be available to ensure predictable production at a reasonable cost. 

Question 2 : If we are not producing minerals in our country, what does that mean for 
manufacturers’ willingness to do business here? Is it a disincentive to produce here if 
they have to go elsewhere for their raw materials? 

Answer: For manufacturers whose products are particularly sensitive to disruptions in 
the supply of critical minerals, having to rely solely on any single supplier - especially 
overseas sources - may present, in the long-term, an unacceptably high level of risk. As 
was discussed during the hearing, solidifying and growing the North American resource 
base for minerals and minerals processing would be a significant step in improving U.S. 
electroindustry manufacturers ’ global competitiveness. Proximity of these resources to 
manufacturing sites may also reduce their overall cost owing to lower transportation 
costs. 


Questions from Senator Debbie Stabenow 

Question 1 : Vice Admiral Cosgriff, thank you for sharing your pserspective on the 
importance of rare earth minerals to your member companies and to our nation’s 
economic and national security. As head of the National Electrical Manufacturers 
Association, can you talk about specific rare earth minerals of importance to your 
member companies that manufacture vehicle components, advanced batteries, mobile 
electronics, and medical devices? 



407 


U.S. Senate Committee on Ener^ and Natural Resources 
May 12, 2015 Hearing: 883, the American Mineral Security Act of 2015 
Questions for the Record Submitted to Vice Admiral Kevin J. Cosgriff 

Answer: Thank you for the question, Senator Stabenow. In my testimony, I mentioned a 
survey of our members conducted several years ago. We found that of the 1 7 rare earth 
elements 15 are being used by one or more of our member companies in some product or 
research and development. 

NEMA scope does not include a broad range of vehicle components or mobile 
electronics, so I am not able to address your question relative to those product areas. 
However, we are aware that specific rare earth elements are used in batteries for hybrid 
and electric vehicles. In addition, advanced energy storage is an area of direct interest to 
NEMA because of need for the same materials: cerium, lanthanum and praseodymium. 

Turning to medical technologies. Magnetic Resonance Imaging (MRI) equipment relies 
on permanent magnets that contain terbium, neodymium, and/or gadolinium. Positron 
Emission Tomography/Computed Tomography (PET/CT) scanners require lutetium. 

Question 2 : Has your association and/or member companies examined ways to recycle 
critical minerals and materials, and are there particular minerals and materials that lend 
themselves better to reuse? 

Answer; Collection and recycling of products is a matter our industry is addressing. 
Current collection efforts of fluorescent lamps and thermostats, remain focused on 
keeping potentially harmful .substances such as mercury out of the general waste stream, 
not on reclamation and reuse of critical minerals. Research is underway at the Critical 
Minerals Institute at Ames National Lab‘ on the materials science aspects of potential 
reclamation of rare-earth phosphors from fluorescent lamps and permanent magnets 
used in many applications from mobile communications to medical imaging. 

The primary example for an electrical material that is collected, reused and recycled is 
copper. According to the International Copper Study Group, copper is “among the few 
materials that do not degrade or lose their chemical or physical properties in the 
recycling process. 

Question 3 : What impact did China’s export quotas on rare earth minerals have on your 
industry? Are your member companies satisfied with the current policies of the Chinese 
government as it relates to rare earth minerals? 

Answer: At the height of the rare-earth supply crisis several years ago, China ’s export 
quotas and export tariffs created an unsustainable supply situation for NEMA 
manufacturers of general service fluorescent lamps (GSFLs). This situation drove 
companies to petition the Department of Energy for a two-year delay in new minimum 
efficacy requirements for GSFLs that required use rare-earth phosphors. In recent years. 


' See https;//cmi.ameslab.gov/research/improving-reuse-recycUng 

^ International Copper Study Group, “The World Copper Factbook 2014”, page 48. See 

http://www.icsg.org/index.Dhp/comDonent/idownloads/finish/170/1997 
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however, China ’s export quotas were not fully utilized by exporters and supply conditions 
eased due to multiple factors. 

We are currently consulting with our member companies about the measures China has 
taken to come into compliance with global trade rules on the export of raw materials and 
to reorganize its rare earth industry. 

END 
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Questions from Chairman Lisa Murkowski 

Question 1 : As the President of the Americas division of a major multinational mining 
company, can you tell us the areas where you believe the U.S. is competitive for 
investment, and some of the areas where we could do better? 

From a global perspective, the United States enjoys inherent advantages. Our 
mineral endowment is immense and enviable. Beyond our rich mineral 
endowment, we also enjoy several other inherent advantages. We have a global- 
leading workforce in terms of skill and productivity. We possess top quality rail 
and port infrastructure for moving commodities to market. We enjoy an 
electricity infrastructure that is top of class in terms of quality, reliability and cost. 

Lengthy delays in permit reviews compromise the commercial viability of 
projects by increasing costs, reducing the net present value of projects and 
impairing financing, since mining is a capital-intensive process that takes years of 
development before minerals are produced. We need to proactively address this 
problem as outline in Senator Murkowski’s legislation to ensure access to the 
minerals we need when we need them. 

Question 2 : In your written testimony you referenced a survey that found that 95% of 
manufacturing executives are “worried that the lag in the permitting process for new 
mines has a serious impact on their competitiveness.” Can you go into more detail about 
that survey, and how it helps explain why it is critical to produce minerals here at home? 

To examine the importance of minerals to the U.S. manufacturing industry and 
overall U.S. competitiveness, the National Mining Association commissioned a 
survey of more than 400 senior executives in the manufacturing industry. All 
executives surveyed have familiarity with their companies’ supply chain 
operations. Most executives surveyed also believe minerals and metals demand 
will only increase in the next five to 10 years. 

Of those surveyed, approximately three out of four executives believe the existing 
mine permitting process timeline is too long, and 95 percent are concerned that 
delays in the permitting process have a serious impact on U.S. competitiveness. 
Nearly 90 percent of business leaders in the manufacturing industry support 
streamlining the permitting process to less than three years and 89 percent say this 
can be done without sacrificing necessary environmental reviews. 

Questions from Senator John Barrasso 

Question 1 : In your written testimony, you state that: “The U.S. has one of the longest 
permitting processes in the world for mining projects.” You say that our permitting 
process: “now take[s] approximately seven to 10 years. . .placing the U.S. at a competitive 
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disadvantage in attracting investment for mineral development.” You encourage 
Congress to look to Canada which: “shares our core principles of responsible resource 
development and [has implemented] an efficient permitting system that strives for 
completing permitting within a two-year period.” Would you elaborate on the lessons that 
we can learn from Canada as we consider reforming the federal permitting process? 

Looking to our northern neighbor of Canada, we find a nation that shares our core 
principles of responsible resource development and adept at implementing an 
efficient permitting system that strives for completing permitting within a two- 
year period. Several of the best practices in place include: 

O Deadlines early in the process for determining the type and scope 
environmental assessments; 

O Specific timelines for completing those environmental assessments; 

O Legally binding deadlines for key regulatory permits; 

O Enhanced coordination and consolidation of responsibilities for provincial and 
federal agencies reviewing projects; and 
O Allowing provincial environmental assessments to substitute for federal 
assessments in order to eliminate duplication. 

O These are best practices we should strive to introduce more widely into our 
permitting system. 

Question 2 : To what extent would increasing mineral production on federal public lands 
decrease our nation’s dependence on foreign suppliers of rare earth and critical minerals? 

The U.S. has mineral deposits of many of the minerals for which we are import 
reliant. Reforming the permit process will attract additional investment in U.S. 
mining projects to allow us to unlock our mineral potential. 

Questions from Senator Jeff Flake 

Question 1 : Freeport McMoRan’s Arizona operations are largely minerals which may 
not end up on the critical minerals list. This bill contains provisions to encourage 
efficiency and effectiveness in the Federal permitting process for critical minerals. Can 
you elaborate on the Federal permitting challenges you face at your Arizona facilities? 
What effect would these permitting improvements have on your Arizona operations, and 
do you see any issues with broadening these permitting provisions to encompass all 
mineral mining, not just critical minerals? 

Lengthy delays in permit reviews compromise the commercial viability of 
projects by increasing costs, reducing the net present value of projects and 
impairing financing, since mining is a capital-intensive process that takes years of 
development before minerals are produced. As mentioned in my testimony, in the 
next few weeks the National Mining Association will release a study assessing the 
costs associated with permitting delays. That study reveals that on average a mine 
would lose a third of its value as it waits for the numerous permits needed to 
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begin production, and the longer the wait the greater the chance the mine will no 
longer be worth the investment. In addition, the study finds that the bulk of new 
mines are stuck in the exploration stage, with far fewer advancing to actual 
production. It is no wonder that as the U.S. mine permit process has lengthened 
over the last couple decades, the percentage of worldwide exploration dollars the 
U.S. has attracted has decreased from 21 percent to 7 percent. 

Your question raises the need to define criticality somewhat broadly. Many 
factors can determine which minerals are critical, including supply risk, impact of 
supply restrictions and changing technologies. That is why criticality is not static. 
A U.S. News and World Report magazine article in 1985 identified chromium, 
cobalt, manganese, and platinum group metals as the most critical or the 
"metallurgical Achilles' heel" of United States strategic mineral supply because 
their role in the economy is pervasive and because they are vulnerable to supply 
interruption. ~ Foreign Metals-An Achilles' Heel for U.S., U.S. NEWS & 
WORLD REP., Mar. 19,1985, at 74. Interestingly, more than two decades later 
only a couple of these same minerals are identified by the Department of Defense 
as strategic while the Department of Energy views the criticality world 
differently. Through the lens of materials needed for alternative energy, the DOE 
has a substantially different list than DOD, though both highlight the criticality of 
rare earth minerals, which did not even merit a mention in the 1985 article. 
Reforming the permit process will decrease delays for all minerals and metals 
while attracting additional investment in U.S. mining projects to allow us to 
unlock our mineral potential. 


3 



412 


Richard Silberglitt’ 

The RAND Corporation 

Critical Materials, U.S. Import Dependence, and Recommended Actions 
Addendum^ 

Before the Committee on Energy and Natural Resources 
United States Senate 

May 26, 2015 


The subsequent questions and answers found in this document were received from the 
Committee for additional information following the hearing on May 12, 2015 and were submitted 
for the record. 


Post-Hearing Questions from Chairman Lisa Murkowski 


Question 1 


In your experience, do you agree that minerals and materials are one of the leading supply chain 
concerns for manufacturing executives? 

Response 1 

While writing RAND’S 2013 report on critical materials, my colleagues and I found that the 
availability of several critical materials — particularly those for which China is a controlling 
producer— presented serious concerns for U.S. manufacturers. In 2011, a 
PricewaterhouseCoopers survey of senior executives of leading global companies in the 
Americas, Europe, and Asia Pacific found that a majority believe supply risks will rise significantly 
over the next decade and that the impact will be felt throughout the supply chain. In some 
industries (renewable energy, automotive, and energy and utilities), the responses suggested that 
supply instability is already being experienced.^ The RAND study team verified this situation 
through personal discussions with leading U.S. manufacturers dependent upon raw materials for 


' The opinions and conclusions expressed in this testimony are the author's alone and should not be 
interpreted as representing those of RAND or any of the sponsors of its research. This product is part of the 
RAND Corporation testimony series. RAND testimonies record testimony presented by RAND associates to 
federal, state, or local legislative committees; government-appointed commissions and panels; and private 
review and oversight bodies. The RAND Corporation is a nonprofit research organization providing objective 
analysis and effective solutions that address the challenges facing the public and private sectors around the 
world. RAND’s publications do not necessarily reflect the opinions of its research clients and sponsors. 

^ This testimony is available for free download at http;//www.rand.org/pubs/testimonies/CT432z1 .html. 

^ PricewaterhouseCoopers, Minerals and Metals Scarcity in Manufacturing; The Ticking Timebomb: 
Sustainable Materials Management, December 2011. 
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which China is a controiiing producer. Their concerns included price volatility, supply instability, 
and a reduced competitiveness with Chinese products because their Chinese competitors have 
access to raw materials at lower prices. For example, one manufacturer reported seeing Chinese 
finished products sold at prices lower than what the U.S. manufacturer had to pay for raw 
materials exported from China. Another reported pressure to move its manufacturing to China in 
order to gain access to necessary raw materials. 

Question 2 

If we are not producing minerals in our country, what does that mean for manufacturers’ 
willingness to do business here? Is it a disincentive to produce here if they have to go elsewhere 
for their raw materials? 

Response 2 

RAND’s study team found that there are two key issues that affect manufacturers’ willingness to 
do business in the United States: access to materials that are a critical input for the 
manufacturers and the ability to obtain those materials at a fair market price. These two concerns, 
access and price, were stated motivations for two World Trade Organization (WTO) complaints 
that the United States brought against China. 

In 2009, the United States and the European Union brought a complaint against China’s trade 
restrictions on several minerals: bauxite, coke, fluorspar, magnesium, manganese, silicon 
carbide, silicon metal, yellow phosphorus, and zinc. When introducing the case, U.S. Trade 
Representative Ron Kirk said: “China is a leading global producer and exporter of the raw 
materials in question, and access to these materials is critical for U.S. industrial manufacturers. 
The United States is very concerned that China appears to be restricting the exports of these 
materials for the benefit of their domestic industries, despite strong WTO rules designed to 
discipline export restraints.’”' 

In 2012, the United States, the European Union, and Japan brought an additional complaint 
against China’s trade restrictions on rare earths, tungsten, and molybdenum. Again, U.S. Trade 
Representative Kirk cited the negative effect that China’s restrictions had on U.S. manufacturing: 


"For details, see Office of the United States T rade Representative, “United States Files WTO Case Against 
China Over Export Restraints on Raw Materials," June 2009. 
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“Because China is a top global producer for these key inputs, its harmful policies artificially 
increase prices for the inputs outside of China while lowering prices in China.”® 

Question 3 

Beyond the indices you included in your report, what additional information might be needed to 
establish an early warning system for the concentration of supply, and how can the U.S. 
government obtain that information? 

Response 3 

A system that provides an early warning of developing problems concerning the concentration of 
production could help recognize a developing pattern before it creates harmful market distortions 
and could prevent market concentration from reaching levels serious enough to warrant, for 
example, actions before the WTO. Such a system would require data already available to the 
U.S. government, and RAND employed these sources to develop a case example on tungsten. 
RAND relied on the U.S. Geological Sun/ey's Minerals Commodity Summaries and Minerals 
Yearbooks, the United Nations' Comtrade database, and data from industry associations such as 
the International Tungsten Industry Association, 

Question 4 

Your 2013 report states that the uncertainty created by a highly concentrated market must be 
overcome by actions at the local, national, regional, and global levels to create a favorable and 
sustainable climate for the investments that will ultimately encourage diversification of production 
What specific actions would you suggest that the U.S. take at the national level to create a 
favorable and sustainable climate for investments? 

Response 4 

Overcoming the uncertainty created by a highly concentrated market would be advantageous to 
U.S. manufacturers, and federal actions can play an important role in this effort. U.S. actions at 
the national level should be aimed at making the requirements for minerals production and 
processing, consistent with environmental standards, as clear as possible, and making the 
process of meeting those requirements as efficient as possible. Coordinated actions by importing 
countries may be effective here as well. Other areas where coordination is possible include filling 

® See CNN Wire Staff, “Obama Announces WTO Case Against China Over Rare Earths,’ March 13, 2012. 
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stockpiles and establishing agreements about sharing limited resources in the event of supply 
disruptions. 
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3n Exploration & 
Mining Association 


10 N Post St. Ste. 305 j Spokane WA 99201-0705 
P.509.624.1158 | F. 509.623.1241 


info@miningamertco.org | www.miningamenca.org 


May 11,2015 

The Honorable Lisa Murkowski 

Chairwoman, Senate Committee on Energy & Natural Resources 
314 Dirksen Senate Office Building 
Washington, DC 20510 

Re; S. 883, the American Minerals Security Act of 20 1 5 
Dear Chairwoman Murkowski, 

We are writing to express our support for your efforts to improve the U.S, mine permitting 
process and advance and encourage the domestic production of critical and strategic minerals 
with S. 883, the American Mineral Security Act of 2015. 

We must revitalize our domestic critical minerals supply chain and reduce mineral import 
reliance. An abundant and affordable supply of domestic minerals is critical to America’s future. 
The U.S. has become increasingly dependent on foreign sources of strategic and critical minerals 
and this vulnerability has serious national defense and economic consequences. According to the 
U.S. Geological Survey, the U.S, is more than 50% import reliant for 43 critical minerals (the 
U.S. is roughly 40% import reliant on crude oil) and 100% import reliant for 19 critical and 
strategic minerals despite having the third largest source of mineral wealth in the world. 

We are entering a period of resource nationalism where certain countries, such as China, are 
managing the production of certain minerals in a predatory, anticompetitive manner. 

Unlike the Arab oil embargo of the early 70’s, countries like China are using resource 
nationalism not to control the market or the market price for a given commodity, but to attract 
long term manufacturing jobs. China currently controls 97% of global rare earth production and 
is cutting back on rare earth exports in favor of internal consumption. Critical and strategic 
minerals extend far beyond rare earth minerals, but resource nationalism is most evident and 
transparent with China regarding rare earths. Instead of settling for Chinese imports and losing 
manufacturing jobs, the U.S. should expedite the development of our own supplies of rare earths 
and other critical and strategic minerals. These minerals are the beginning of the manufacturing, 
national defense and renewable energy supply chains and essential to job creation. 

We especially support Sec. 104 directed at improving the performance of the federal mine 
permitting process without compromising the stringent federal and state environmental laws 
applicable to hardrock mining. As you know, the United States ranks last among the 25 largest 
mineral producing countries in the time it takes to permit a new mine. According to international 
mine consulting firm Behre Dolbear, the average permitting time in the U.S. is 7-10 years. Time 
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is money and unnecessary delays and duplication in the permitting process strands capital and 
discourages long term investments in producing domestic minerals. Compare the exceedingly 
long permitting time with Canada and Australia where the average permitting time is between 2 
and 3 years and incorporating essential the same environmental and engineering standards. If 
Canada and Australia can permit mines to the same environmental standards in 2 to 3 years, then 
so can the United States. 

We also strongly support Sec. 1 06 addressing the broken Federal Register Notice process. Prior 
to 2000, these routine notices were processed and published in 30 to 45 days. Your legislation 
will restore common sense and timeliness to this process. We view S. 883 as well thought out 
legislation that will encourage and facilitate the domestic production of strategic and critical 
minerals without lessening the robust environmental standards of the United States. 

Thank you for introducing this important legislation and we look forward to working with you in 
the future on this and many other issues. 

Who We Are 

American Exploration & Mining Association (AEMA) is a 120-year old, 2,400 member national 
association representing the minerals industry with members residing in 42 U.S. states, seven 
Canadian provinces or territories, and 10 other countries. AEMA is the recognized national voice 
for exploration, the junior mining sector, and maintaining access to public lands, and represents 
the entire mining life cycle, from exploration to reclamation and closure. Our broad-based 
membership includes many small miners and exploration geologists as well as junior and large 
mining companies, engineering, equipment manufacturing, technical services, and sales of 
equipment and supplies. More than 80% of our members are small businesses or work for small 
businesses. Most of our members are individual citizens. 


Sincerely, 


Laura Skaer 
Executive Director 


LES/mge 
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May 26, 2015 

The Honorable Lisa Murkowski 
Committee on Energy and Natural Resources 
U.S. Senate 

Washington, D.C, 20515 

Support for S-883, American Mineral Security Act of 2015 
Dear Senator Murkowski: 

The Association of American State Geologists encourages the passage of S- 
883, American Mineral Security Act of 2015, as an essential component of 
the U.S.'s comprehensive strategies for ensuring a secure supply of critical 
minerals for national security and economic development. 

We are delighted that the bill recognizes the value and importance of 
federal-state partnerships in this effort, and the roles envisioned in 
particular for State Geological Surveys. 

The Association of American State Geologists (AASG) is an organization of 
the chief executives of the state geological surveys in 50 states and Puerto 
Rico. 

AASG and its members have a long history of cooperation with the U.S. 
Geological Survey, the Department of Energy, and other federal agencies 
that augur well for successful collaboration in assessing and characterizing 
the nation's critical mineral resources. 

Successful examples of cooperative funding and leveraging of state and 
federal dollars to acquire geologic information are the USGS-managed 
National Cooperative Geologic Mapping Program (STATEMAP) and the 
National Geological and Geophysical Data Preservation Program. These 
national programs have been exemplars of cooperation between State 
Geologic Surveys and the USGS over the years. 
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In addition, the USGS and AASG have jointly developed a framework for 
data integration with significant support from the Department of Energy 
that meets all the requirements of the U.S. Open Data Access Initiative. 
The distributed network is operational and already provides free and open 
source access to large geologic data and map resources nationwide. This 
leading edge technical and organizational resource is ready to be deployed 
in support of this new effort. 


It is imperative that these cost-effective programs are utilized, maintained, 
and sufficiently funded to provide the geologic underpinnings for a 
strategic minerals assessment program. The goals and capabilities of the 
AASG are in full accord with the provisions in S. 883 that will facilitate this 
work greatly. 


Sincerely, 




AASG President 
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S. 883 - American Minerals Security Act of 2015 
Statement for the Record 
Byron C. Hartle 

Assistant Professor of National Security and Resource Strategy 
and Strategic Materials Industry Study Faculty Lead 


for the 

Committee on Energy and Natural Resources 
U.S. Senate 

Full Committee Hearing, 26 May 2015 


Prologue 

Senator Murkowski and members of the Committee. 

I am Byron Hartle, an Assistant Professor of National Security and Resource Strategy, 
and the Strategic Materials Industry Study faculty lead at the Dwight D. Eisenhower 
School for National Security and Resource Strategy, National Defense University, Fort 
Lesley J. McNair, Washington DC. I’m retired a senior US Air Force officer with 
advanced degrees in International Relations, Public Administration, and National 
Resource Strategy and have spent my professional career focused on national security, 
political-military analysis, and most recently political economics and defense-industry 
studies. I have taught at the National Intelligence University, the US Air Force’s Air War 
and Air Command and Staff Colleges, and have lectured at the Royal Australian Air 
Force Staff College. Currently, I teach national security studies and industrial analytics 
and focus my efforts on the study of government, industry, and key stakeholder 
relations as it relates to the primary economic sector industry we call “Strategic 
Materials." 

Disclaimer 

Before commencing with this statement, I want to assure the Committee that the 
following comments are solely my views and do not represent or reflect an official policy 
or position of any organization or Agency of the U.S. Government. 

Opening Comment 

The US is facing a very serious ... and far too quiet ... challenge to its national security 
and economic well-being. This challenge is very long term in nature and exceptionally 
wide in scope, and directly challenges our way of life and security. It is a contest that 
most U.S. citizens are unaware of or have little understanding of the ramifications and 
implications for their security. In simple terms, this contest is the “re-securing” of the 
nation’s “foundational” economic sector; the extraction and processing of natural raw 
minerals and materials. 
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The current restrictions we have on expounding the nation’s natural resources is not 
only taxing our advanced technologies and economic security, it is reducing our defense 
capabilities and, subsequently, directly hitting the very existence of our economic 
wellbeing. As the Eisenhower School’s faculty lead for the Strategic Materials Industry 
Study, I have had a unique opportunity to examine this economic sector from a unique 
viewpoint. I have spent my time examining the government-and-industry relations from 
an objective policy angle regarding industry’s ability to secure and fabricate mineral- 
based materials for long-term national security and economic health. 

It is from this viewpoint that the following observations and comments are provided. My 
remarks begin with an introduction of the Eisenhower School and the Strategic 
Materials program-of-study followed by a description of the latest investigation into the 
Strategic Materials industry by selective senior US and international government and 
military officers. This will be followed by some observations regarding the proposed 
legislation based on what was revealed by the recent student inquiry. Finally, a closing 
thought is provided. 

The Eisenhower School. Strategic Materials Program, and Investigation Results 

The Dwight D. Eisenhower School for National Security and Resource Strategy. 

The Eisenhower School is the premier resourcing educational institution of the U.S. 
Government's National Defense University. It is at the top of the professional military 
and senior civil service graduate-level education pyramid along with its sister school the 
National War College. Whereas the National War College focuses on strategic ends and 
ways, while the Eisenhower School contemplates the ends and ways, its curriculum 
focuses more on the all-important “means” component of national strategy. In short, the 
School is concerned with identifying, acquiring, allocating, and paying to secure national 
security objectives. The School awards a Master of Science in National Resource 
Strategy upon successful completion of its executive graduate-level program. 

The School was conceived by Bernard Baruch, the Chairman of the War Industries 
Board during the First World War, who wanted “...to establish a little school.. .to preserve 
experience and keep in touch with industry." Its 90-year mission is reflect in the motto 
of “industry and Defense are Inseparable,” and has grown from being the Army 
Industrial College in 1924 to the Industrial College of the Armed Forces in 1946, and 
now to the Eisenhower School in 2012. 

Students attending the Eisenhower School are senior U.S. and international military and 
civil service officers. A unique feature of our College is the inclusion of private industry 
students as well; over the last several years we have augmented our traditional base 
with students from IBM, Battelle, Mitsubishi and Lockheed Martin to name a few. The 
average annual class size is around 320 students. 

The faculty is fairly diverse as well, composed of senior U.S. civil service officials and 
military officers from across the U.S government along with selected international 
officers. The major of the faulty hold a Doctorate or multiple Master degrees, and are 
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recognized experts in national security, economics, industry studies, and strategic 
leadership. 

The academic program consist of core courses in National Security; Economics’; 
Defense Strategy and Resourcing; and Strategic Leadership. The intent of this program 
is educate future US and allied strategic advisors and decision makers in making fact- 
based evaluations, and policy recommendations addressing government and industry 
relations. A highly unique feature of the program is its in-depth investigation into key 
industries making up the Defense Industrial Base. For half of the academic year, the 
students study an assigned industry, and formulate an unfettered evaluation with 
recommendations on that industry’s ability to support the U.S. economy and national 
security. The student’s final reports are made public through the School’s web site. 

The Strategic Materials Program of Study. 

One of twenty industries studied at the Eisenhower School is Strategic Materials, which 
is one for four industries concentrated primarily on the economic sourcing sector.^ Its 
current focus is on non-fuel, non-synthetic, mineral-based materials extracted and 
processed before being fabricated into metals and alloys for use in manufacturing of 
finished and advanced products. The program uses an inter-related perspective 
approach in assessing the effectiveness of the industry. The first perspective looks at 
the industry’s competitive structure with regard to markets, technology, and physical 
resources. The second perspective focuses on the relations between and interactions of 
political, business, and bureaucratic elites within the industry. From overlaying these 
two perspectives, the final perspective examines the political economic outlook 
regarding what policies are needed to foster the industry’s behavior to best support the 
national economy and, specifically, the Defense Industrial Base. 

Although mining and production of refined mineral-based materials are critical activities 
within the industry, we spent time discovering the secondary and tertiary functions 
within the industry to get a more holistic understanding of the industry’s scope. Other 
associated industries such as the commodities trading; capital investment and 
financing; transportation and infrastructure development; and environmental and social 
implications are scrutinized as they relate and impact the Strategic Materials industry. 
The cumulative upshot is a 360-degree probe of the near- and long-term health of the 
industry. This methodology negates the common practice of defining “strategic” 
materials as those needed for defense with “critical” materials as those needed by the 
national economy. Instead, "strategic” is used to identify the long view feature of a 
material with terms such as “critical”, “essential”, and “significant” used to identify the 
level of urgency in the use of the material. Consequently, a material can be strategic in 
nature, but less than critical in use dependent on current and projected technological 
developments coupled with evolving regional and global geopolitical-economics. 


' The Eisenhower School is the only Senior Service School to have economics a core course requirement. 
^ The other industries are the Environment, Energy, and Agribusiness. 
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The 2014-2015 academic program entailed a series of guest speakers and a range of 
on-site field trips to stakeholders domestically and internationally. This year we chose 
Chile for our foreign focus. U.S. speakers ranged from the U.S. government agencies 
such as the U.S. Geological Survey; Department of Commerce; Congressional 
Research Service; Defense Logistics Agency; and the Environment Protection Agency 
to a host of private sector advocate, investment, and production firms and 
organizations. Domestic field studies entailed seeing specialized mineral processing 
facilities; various mining operations; assorted mineral economics educational 
institutions; and state and local regulatory agencies. International travel was to the 
Republic of Chile as a compare-and-contrast study with the U.S. mineral-based 
industry. Visits included the Ministry of Defense; the state-owned National Copper 
Corporation, and hearing from a mining region’s Deputy of the Republic {a Senator 
equivalent) along with visits to several private U.S, and Chilean mining and mineral- 
base material processing companies and advocacy organizations. 

Results of the 2014-2015 Strategic Materials Industry Study. 

The students quickly learned the necessity of non-fuel, mineral-based materials for an 
advanced technology society and its defense. Cell phones, for example, are arguably 
the single most important device used for work and social connection, and could not 
function without the use of over 70 minerals. From a defense standpoint, the F-35 
fighter aircraft uses more than 920 pounds of Rare Earth Elements (REEs);® and 
Titanium, Molybdenum, and Rhenium based alloys for its engine to increase fuel 
efficient to give it greater operational range. Neodymium and Dysprosium rare earths 
are vital for permanent magnets in electronics and high-efficiency motors. And base- 
minerals such as Lithium are needed for long-lasting batteries, and Copper for domestic 
plumbing, electricity, generai manufacturing and in running of modern society. 

The students’ investigation resulted in the following overarching observations. First, the 
lack of a clear definition of what the “Strategic Materials” industry is causing 
unnecessary confusion and misunderstanding which has led to an awkward and 
conflicting government-private sector interactions and policies. Second, high barriers to 
entry (capital investment, water, power, and permitting times the key factors); 
vulnerability of the supply chain (especially by China); and growing dependence on 
mineral imports emerged as key drivers of the current situation. Third, the overall 
mineral-base materials markets were vulnerable to increased dependence from slowing 
industry responsiveness, limiting supply chain integration, expanding globalization, and 
reducing industry production efficiency. Forth, the role of government at the federal, 
state, local, and tribal levels are not coordinated and often contradictory in the 
permitting of mining and materials refinement.'' Finaily, a serious imbalance exists 
between safety and health regulations and permitting laws. 


^ CRS. Rare Earth Elements in National Defense: Background. Oversight Issues, and Options for Congress. December 
23, 2013, 

' Of interest, it was discovered that one agency prided itself in getting permits done in 60 days; but, it took 18-to- 
24 months to get the correct data in the right format before adjudication began. 
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Five conclusions were reached with recommendations. The first and foremost 
conclusion was the growing US dependency on foreign sourced minerals and matenals 
needs to be immediately addressed.^ To break this situation, the US Government 
should incentivize exploration and development, and develop Industrial beneficiation 
(refinement) parks. These beneficiation parks would be designated as smelting, 
refining, and process zones; established through a pre-negotiated permitting process; 
and having access to a supporting infrastructure (water, power, and transportation) in 
close proximity to a skilled workforce center (much like the Tennessee Valley 
Manhattan Project). 

The group’s second conclusion highlighted the DoD's vulnerability to Rare Earth 
Elements supply disruption. With China controlling 90+% of the global mining and 
production of Rare Earth Elements, the current DoD approach to managing Rare Earth 
supply disruption appears to lack focus. Therefore, it was recommended that the DoD 
should develop a Rare Earth mitigation plan leveraging off the Department of Energy’s 
mitigation efforts coupled with a flexible acquisition process in obtaining substitute 
materials.® 

The third conclusion centered on the lack of synchronization between the various U.S. 
governmental agencies involved in the oversight of the mineral-base materials industry. 
Nine disparate agencies are involved in the oversight of mining which creates gaps, 
seams, and redundancy across the spectrum of oversight and safety. Additionally, the 
dissolution of the Bureau of Mines was a contributing factor in the reduction in the U.S. 
mining industry and the causal factor for the reduction of much needed research and 
development. As a result, it was suggested that the Department of Commerce should 
initiate a strategic and critical minerals study to determine the best method to manage 
strategic and critical minerals. 

The fourth conclusion centered on the increasing need for a younger and technically 
savvy workforce. Both U.S. and Chilean industry representatives said they were facing 
an emerging skill gaps as the workforce aged. Although published reports highlight the 
problem, more definitive data is needed. This situation is further compounded by the 
fact that national educational initiatives are focused mainly on technical education and 
training with little regard for mining, thus, leaving the States and local jurisdictions to 
address the problem. The group proposed a two-part solution. First, minerals-based 
materials training and education is best done by training science teachers at the State 
and local levels with input from the mining and materials industry. Subsequently, 
Federal government initiatives should be focused on supporting existing or to increase 
science teacher education programs. Second, the Federal government needs to 


^The U5GS Minerals Commodity Summaries 2015 list 19 commodities where the US is 100% dependent of foreign 
imports of which Niobium, Scandium and Tantalum (minerals studied} failing into this group. If the cut-off is 
expanded to 50% import, then Titanium mineral concentrates. Rhenium, Rear Earths, and Titanium sponge are 
included, if the cut-off is made at the 25% point, then Tungsten and Copper become part of the dependency 
group. Of the ten minerals-materials plus the Rare Earths Lanthanides (non-fuel Rare Earths) studied, the US is not 
dependent on foreign imports for only two minerals-materials studied (Beryllium and Molybdenum). 

^ It should be mention here that the Office of the Undersecretary of Defense for Acquisition, Technology and 
Logistics disagrees with this conclusion and recommendation. 
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encourage professional mining societies to quantify the specific needs for workers 
following along the lines of the Chilean Mining Skills Council. 

The group's final conclusion and recommendation focused on the discouragement of 
domestic mining because of the combination of environmental compliance challenges 
with extended permit cycles. The average timeline for getting a new mining permit in 
the U.S. is from seven to ten years which is compounded by capital investment needs to 
meet compliance requirements. This is further compounded by the fact that the U.S. 
Government is no longer funding mining research and development which places the 
burden on an industry hard pressed to dedicate funding to long-term projects that may 
or may not see any profitable benefits in ten or more years. To help ease this permitting 
problem, the group proposed a “no longer than a 30-month’’ permitting timeline be 
initiated for mining on federal lands; and some sort of Federal-State permitting 
collaboration be initiated utilizing this 30-month timeline for mining on state lands. In 
conjunction, a research and development fund for environmentally sustainable mining 
and metal processing and recycling technology should be established using direct 
investment incentives, public-private partnerships, tax incentives, university grants, and 
other innovation enticements. 

S.883 American Minerals Security Act of 2015 Observations 

Using the conclusions reached by the Strategic Materials students as a framework, the 
following comments are submitted for consideration regarding S.883 American Minerals 
Security Act of 2015. 

Defining the “Strategic Materials" industry. As noted the lack of a clear understanding is 
hampering cooperation and causing unnecessary complications. Section 2 - Definitions 
addresses this need for standardizing the language and is seen as an important move 
toward standardizing holistic approach. Adding definitions that help refine what Is 
important for the long term separated from the urgency of use will help standardize the 
language, and orientate perspectives on the importance of existing and emerging 
mineral-based materials. Furthermore, Section 102 - Critical Mineral Designations is 
encouraging in that it addresses the need for the government to identify minerals-base 
materials that are strategic, critical, and essential for the Defense Industrial Base and 
the overall economy over the long haul. Identifying these minerals and materials based 
on being subject to potential supply restrictions and their use importance is a 
reasonable approach; however, it suggested a weighted-value method be used to help 
better quantify the need as well as to allow for greater sensitivity to changes affecting 
the overall status of the mineral-material being assessed. The establishment of a 
periodic review scheme to capture evolving and changing materials, products, and 
market conditions in this Section is consider an important and vital requirement. 

Growing U.S. dependency on foreign sourced minerals and materials. Section 108 - 
Analysis and Forecasting is seen as the most critical component of the Act in breaking 
the current reliance on foreign sourcing. Noteworthy is the systematic 1-year, 5-year, 
and 10-year assessments requirements. Providing alternative pathways along with an 
“as is" projection will be significant in developing and implementing policies. Coupled 
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with this requirement are the provisions outlined in Section 109 - Education and 
Workforce, subsection (b) (A) through (D) should help inaugurate a long-term policies 
process that would reverse the current reliance trend. 

DoD vulnerability to Rare Earth Elements supply disruption. Although the REEs supply 
chain vulnerability and the DoD are not directly cited in the Act, they are indirectly 
addressed in Section 102- Critical Mineral Designation; Section 103 - Resource 
Assessment; and Section 108- Analysis and Forecasting. Because REEs and other 
imported materials have become so important to national defense, the Secretary of 
Defense needs to be integrated along with the Secretary of the Interior, the Secretary of 
Agriculture, the Secretary of Energy, and the Secretary of Labor as principle agents for 
designating, assessing, analyzing, and forecasting of near- and long-term natural 
materials needs and requirements. 

Synchronization between the various U.S. governmental agencies overseeing 
permitting. The provisions of Section 104- Permitting is exceptionally positive address 
to this issue. Most noteworthy are the provisions of subsections (5) through (8). If 
effectively implemented, perhaps a halving or even more dramatic reduction in the 
overall permitting timeline would be seen. The key will be establishing an early 
collaborative arrangement with all the regulatory stakeholders in conjunction with private 
sector stakeholders. 

Increasing need for a younger and technically savvy workforce. The provision of 
Section 109 - Education and Workforce is a significant advancement in resolving this 
issue. Subsection (a) - Workforce Assessment is consistent with the above 
recommendation regarding the looming skills and trades problem. The concern is not 
with identifying what trades and skills are needed; but, in convincing the general 
American population that a meaningful, prosperous, and safe living can be had without 
an advance degree. Formulating a cooperative government and professional society’s 
partnership by establishing a national mining skills council may be helpful. Subsection 
(b) - Curriculum Study is exceptionally striking in addressing the need for advance 
interdisciplinary degree programs. Although centered on private sector education, 
having a parallel educational endeavor at mid- and senior-level Federal government 
educational institutions should be considered and possible included so to assure future 
policy advisors and makers are fully competent and attuned to the issues and 
ramifications involved. 

Discouragement of domestic mining resulting from environmental compliance 
challenges combined with extended permit cycles. The combined impact of Section 107 
- Recycling, Efficiency, and Alternatives and Section 104 - Permitting will go a long way 
in tackling this concern. The challenge will be balancing the need for protecting the 
environment without reducing the protective assurances permitting provides. The 
combined impact of these Sections along with Section 102 - Critical Mineral 
Designations and Section 109 - Education and Workforce should inaugurate a regime 
that balances the concerns of all stakeholders in light as to want is best for the national 
economy and security in the long run. 
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Closing Remark 

As noted at the beginning, the U.S. is facing a very serious challenge for natural 
materials supporting its national security and economic well-being. To highlight this, the 
latest uses Net Import Reliance data shows a disturbing pattern. Of the 64 
commodities listed, China is the first, second or third major supplier for 29 of these 
commodities and Russia is the first, and second or third import source for 12 others. 
This points to the reality that the U.S. is dependent on two major potential adversarial 
powers for 64% of its imported commodities.^ Past and current behaviors of these 
countries indicate they are not beyond leveraging their economic positions for desired 
political objectives. Domestic and politically reliable international alternatives are 
available; however, unless the U.S. acts quickly and decisively, the situation will 
continue to become more tenuous for U.S. national security. Therefore, the introduction 
of S. 883 American Minerals Security Act of 2015 could not be timelier. 

Thank you for the opportunity to submit this statement for the record. I am happy to 
address any questions the Committee may have. 


' China accounts for 45% with Russia accounting for the remaining 19%. Looking at commodities identified as 
Strategic materiais such as Scandium, Tantalum, Rare Earths, Titanium sponge. Tungsten, and Aluminum; one finds 
China hold the number one importer spot for ail except for Aluminum with Russia as the number two import 
source for Aluminum and the forth import source for Tantalum. 
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Statement Submitted on Behalf of 
The Industrial Minerals Association - North America 

To the United States Senate 
Energy and Natural Resources Committee 

Regarding S. 883, the American Mineral Security Act of 2015 
May 22, 2015 


Thank you for the opportunity to submit a written statement on S. 883, the American 
Mineral Security Act of 2015, and on the importance of the federal government’s mineral 
science and information functions. 

The Industrial Minerals Association - North America (IMA-NA) is a trade association 
that represents companies that produce industrial minerals such as ball clay, barite, 
bentonite, borates, calcium carbonate, diatomite, feldspar, industrial sand, kaolin, mica, 
soda ash, talc, wollastonite, and other industrial minerals, and associate member 
companies that provide goods and services to the industry. IMA-NA typically represents 
seventy-five percent or more of the production for each of these minerals in North 
America. 

As a group, industrial minerals are vital to the manufacturing processes for many, if not 
most, of the products we use every day. They are used in the production of glass, 
ceramics, paper, plastics, rubber, detergents, insulation, pharmaceuticals, and 
cosmetics. They also are used in foundry cores and molds used for metal castings, paints, 
filtration, metallurgical applications, refractory products, and specialty fillers. Some are 
critical for the production of oil and natural gas. Every sector of industry relies on a 
variety of industrial minerals to generate their end products, making a stable and reliable 
supply chain critical for the continued growth and success of our economy. 

IMA-NA endorses the comments submitted by the Minerals Science and Information 
Coalition, of which it is a member, with regard to the importance of investment in 
minerals science and information to the critical and strategic minerals supply chain. 
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However, IMA-NA would like to add additional comments to the record regarding the 
American Mineral Security Act of 2015. 

We applaud Senator Murkowski for continuing to champion domestic development of the 
minerals that provide the foundation of our society. S.883 contains many important 
measures that would increase our national economic independence through providing 
better access to the stores of minerals available domestically. 

IMA-NA supports the measures in Sec. 104 directed at streamlining and improving the 
permitting process. Currently permitting involves numerous duplicative processes that do 
not run concurrently through the different agencies. When coupled with the lack of clear 
guidelines on review criteria and time frames, permitting in the United States can take 
anywhere from 5 to 10 years. IMA-NA supports development of an efficient, 
streamlined, and environmentally responsible permitting process. 

Thank you for the opportunity to submit a statement for the record of this hearing. 
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The Interstate Mining Compact Commission (IMCC) submits this statement in 
support of S, 883, The American Minerals Security Act of 2013. IMCC is a multi-state 
governmental agency representing the natural resource and related environmental 
protection Interests of its 26 member states. The Commission is comprised of duly 
appointed representatives of the Governors of their respective departments of Natural 
Resources or Environmental Protection. As such, the member states of IMCC have a vital 
interest in the development of minerals, particularly those of strategic and critical 
importance to the United States. Furthermore, one of IMCC's primary functions is to 
support effective communication and collaboration between our member state regulators 
and their counterparts in the federal agencies, especially where it pertains to permitting for 
mineral extraction and related activities. In pursuit of both these goals, IMCC believes that 
this bill will have a significant benefit and therefore lends its full support. 

In the face of growing “resource nationalism” abroad and the increasing potential 
for supply disruptions more generally, it is crucial thatthe US take steps to account for, 
protect, and further bolster domestic sources of critical minerals. Developing our Nation’s 
mineral wealth in a manner that maximizes access while maintaining environmental 
responsibility must be a fundamental component of efforts to shore up national mineral 
resource security. One of the strategies employed by S. 883 in pursuit of that goal is the 
streamlining of domestic supply chains through elimination of unnecessary permitting 
requirements. Parallel permitting requirements convolute these supply chains, reducing 
our Nation's access to domestic sources of vitally important natural resources to the 
ultimate detriment of national resource security. The US should endeavor to realize the 
immense benefits potentially derived from intentional, conscientious development of our 
Nation’s rich supply of mineral resources, both on state and federal lands. IMCC believes S. 
883 to be a significant step in the right direction. 

In addition to the interest in enhancing our states' and thus our Nation’s mineral 
wealth, IMCC member states have a more specific interest in supporting S. 883. As primary 
regulators of mineral production activity within their borders, designing efficient but 
responsible permitting processes is a top priority for the states. Even where minerals are 
produced on federal lands, the states often work in concert with various federal agencies in 
regulating minerals under applicable federal laws. Arriving at the optimal design for these 
often interrelated permitting processes is contingent on real and frequent collaboration 
among state and federal agencies. IMCC is therefore particularly supportive of provisions in 
S. 883 designed to enhance this vitally important coordination. Through these collaborative 
efforts, state and federal agencies will hopefully be able to eliminate some of the redundant 
permitting and processing mechanisms currently in place in certain arenas. Expediting 
these permitting processes by minimizing unnecessary delays, preventing unnecessary 
paperwork, and avoiding duplication of effort, will allow all those involved to work smarter 
rather than harder. This in turn contributes to the ultimate goal of mineral regulation; to 
ensure that these resources are extracted in an efficient and effective manner while 
maintaining environmental responsibility. 
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For all of these reasons, IMCC urges the Subcommittee to move forward with mark- 
up and passage of S. 883, the American Mineral Security Act of 2015. We welcome the 
opportunity to work with the Subcommittee and contribute to this legislative initiative and 
thank you for the opportunity to submit this statement We would be happy to answer any 
questions or provide additional information. 


For additional information from IMCC, contact: 
Gregory E. Conrad, Executive Director 
Phone: (703) 709-8654 
Fax; (703) 709-8655 
Email: gconradioiimcc.lsa.us 
Website: www.imcc.lsa.us 
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Statement Submitted on Behalf of 
The Minerals Science and Information Coalition 

Submitted by Dr. P. Patrick Leahy, Chair 

To the United States Senate 
Energy and Natural Resources Committee 
Regarding S. 883, the American Mineral Security Act of 2015 
May 22, 2015 


Thank you for the opportunity to submit a written statement for the record on behalf of the 
undersigned members of the Minerals Science and Information Coalition on S. 883, the 
American Mineral Security Act of 2015, and on the importance of the federal government’s 
mineral science and information functions. 

The Minerals Science and Information Coalition (MSIC or the Coalition) is a broad-based 
alliance of minerals and materials interests united in advocating for reinvigorated minerals 
science and information functions in the federal government. Our group is comprised of trade 
associations, scientific and professional societies, groups representing the extractive 
industries, processors, manufacturers, other mineral and material supply-chain users, and 
other consumers of federal minerals science and information. This testimony focuses largely 
on aspects of the American Mineral Security Act that increase the functionality of the U.S. 
Geological Survey’s minerals science structure and programs. 

Minerals are part of virtually all the products we use every day, acting as the raw materials for 
manufacturing processes or as the end products themselves. Minerals are contained in 
buildings, roads and civic infrastructure projects. They also are used in the manufacture of 
paper, glass, ceramics, plastics, refined metals, and a host of intermediary materials. These, in 
turn, find their way into the manufactured products that make up our daily lives: automobiles, 
mobile phones, and computers. They are critical ingredients in specialized applications for 
national defense and energy technologies. The mining industry underpins the high standard of 
living we enjoy and to which we’ve grown accustomed. Every sector of industry relies on a 
variety of minerals to generate their end products, making a stable and reliable supply chain 
critical for the continued growth and success of our economy. 
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The recent crisis in the global supply of rare earth elements caused by Chinese export 
restrictions is a case study in the importance of a stable mineral supply chain. Supply chains 
can be long, complex, and vulnerable to disruption for many reasons. The restrictions in the 
supply of rare earths threatened the production of components that are essential for U.S. 
defense systems, in addition to a vast array of communications, clean energy, electronics, 
automotive, and medical products. Both the private and the public sectors realize that we must 
reduce risks to our supply chains. But we cannot do this without accurate, timely information 
on the nature, location, and characteristics of our domestic mineral resources, and on the 
worldwide supply of, demand for, and flow of minerals and materials. This information is the 
foundation for identifying and forecasting existing and emerging vulnerabilities, and for 
sound decision making by business leaders and policy makers. 

Given the vital national importance of minerals science and information, MSIC commends 
you. Chairwoman Murkowski, for recognizing the need for greater investment in minerals 
science and information and for introducing the American Minerals Security Act of 2015. 
MSIC supports the bill’s aims to strengthen and improve our understanding of critical 
minerals and to develop a robust scientific and statistical information and forecasting 
capability to identify and anticipate threats to supply chains. We are particularly pleased to 
note Sec. 101 , which will strengthen the development of forecasting tools needed for domestic 
production. Additionally, we support the development of a methodology for identifying 
critical minerals in Sec. 102, the prioritization of ongoing resource assessments found in Sec. 
103, the promotion of responsible recycling of and alternatives to critical minerals in Sec. 

107, the analysis and forecasting measures in Sec. 108, and the education and workforce 
component in Sec. 109. Members of the Coalition agree that impartial, scientific and 
statistical information is an essential foundation for national policy making. 

The USGS plays a vital role in allowing leaders in our businesses and governmental 
institutions to make decisions based on the best information available on our resources. It is 
the Minerals Science and Information Coalition’s belief that prioritizing both the science and 
information components of USGS’s Mineral Resources Program is vitally important to our 
national defense and economic well-being. The American Minerals Security Act of 2015 is a 
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promising step towards the federal government reinvesting in our nation’s ability to continue 
to develop and grow responsibly by using our own resources. 

Thank you for the opportunity to submit a statement for the record of this hearing. 
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